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FOREWORD 

This report was prepared by the American Institute for Research 
under Rome Air Development Center Project Number T^C0 entitled: 
Human Engineering of Equipment for Maintenance gmoigaoy, Wright 
Air Development Center Task 71502 entitled:  Gui,e'"^ V .m 
Engineering of Electronic Equipment for Ease of K-ilntenance'. 
The project was administered by the Psychology Branch, Aero 
Medical Laboratory, Directorate of Research, Wright M.r Develop- 
ment Center, with Dr. Gordon A. Eckstrand serving %*  Project 
Engineer. 

Users of this report are invited to submit to the ^ycnology 
Branch comments which would be useful in adding ft -r revising 
material contained in this document. 

This report has been released to the Armed Services T-- nical 
Information Agency, Knott Building, Dayton 2, Ohio,  it has also 
been released to the Office of Technical Services, Department of 
Commerce, Washington 25, D. C. for sale to the general public. 

The authors are especially grateful, to Dr. Eckstrand for his 
interest and many helpful suggestions. Acknowledgment is also 
due Dr. Robert B. Miller who served as Principal Invesr-vig.Hor 
on the project. Mr. Wesley Rohrer worked out the examples of 
job aids presented in Section 5. 

Space prevents individual acknowledgment of the effort- of the 
many other contributors to the guide.  Mention raust -Ä made, 
however, of the scores of Air Force electronic technicians who 
provided much of the data on which the specific recomm^ 'jtions 
are based. A very special thanks is  due to the sixty or so 
reviewers who contributed so generously of their tir-^, experience, 
and knowledge in criticizing previous versions of the  niide and 
suggesting improvements. 

WADG TR 56-216 

l\ 
M 



ABSTRACT 

A major problem faced by the military services is effective 

^ hKrCe.0fiCrPleX electronic equipments despite shortages 

practices which^n^L^e^te6^^^^ 
equipments can be maintained.      Factors to be considered S 
planning for maintainability are briefly reviewed f 

itlfnlV^t Ht0 ^ ^^ in ^.ignlngTSaina le system is presented.    Specific characteristics are recomLnded 
for equipment and maintenance procedures. '  recommended 
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• Introduction 

WHY THE GUIDE WAS WRITTEN 

This guide was writWu fee r-cvide principles to be applied during 
electronic equipmer* djr-'-loFwsnt ^or "building in« provisions for 
more effective maintfei-y*. 3, 

It is intended to help minimize maintenance difficulties which 
in the past have resulted from inadequate consideration of mainte- 
nance needs and capabilities and limitations of maintenance 
personnel. 

The basic premise of the guide is that relatively small expendi- 
tures of time and money for maintainability will produce much 
larger savings in maintenance costs. 

INTENDED AUDIENCE 

This guide was written for all persons who have an important role 
in desxgning maintainable electronic systems for the Air Force. 

All such individuals are referred to as "designers" in this volume. 

"Designers" include those who: 

1. Specify the required characteristics of prime 
equipments or maintenance supports such as 
test equipment, tools, and maintenance 
instructions. 

2. Develop prime equipments or maintenance supports. 

3. Monitor the develi.,ment of equipments or mainte- 
nance supports. 

k.    Perform engineering or operational suitability 
evaluations or decide whether a given system 
should be accepted for operational use. 

WAÜC TR 56-218 2 



• Introduction 

LIMITATIONS OF THE GUIDE 

Mary recormendations in this gtdde a>-e "rvHes of thumb '- Som- 
a^e not yet supported by adequate research data because human0 

engxneer.ng for maintenance is new and relatively unSvei™. 

The guide will  not provide answers to all problems in desienim 

s^txs      0 make specific declsions based -inco^ 

SCOPE OF  THE GUIDE 

Two aspects of maintenance rnay be defined: 

^^iSibilitir is a function of the rapidity and 
ease with which maintenance operations  can be 
performed to help prevent malfunctions or correct 
them if they occur. 

Reliabil- ^r is  the probability that a product wiU 
give  satisfactory performance for a given period 
of  time when used in the manner ard for the purpose 
intended. h     F 

Thi.volume  deals with maintainability,   not  reliability.     Maintain 
ability may, however,   affect the reliability of a  system      Fof 

xTfnXTtf ^ ^ ^ redllCed if P-venti^e^i^ni:: J 

This guide is concerned with design features which affect preventive 

s^tar'60^"01111'^^ 0f ^^  and airb— electronic systems. Maintenance includes inspecting, checkinr  trouble 
shooting, adjusting, replacing, repairing^ and serJlcingf ?he 

WADG TR 56-213 



• Inf-od.'-tion 

factors of supply, selection and training of maintenance person- 
nel, physical facilities for maintenance and provisions for 
modification also affect maintainability. Detailed recommendations 
on these factors are not included in this guide. 

MAINTAINABILITY VERSUS PERFORMANCE REQUIREMENTS 

Maintainability requirements for electronic equipment have been 
extremely vague as compared to the detailed performance require- 
ments usually specified. Insignificant performance requirements 
have sometimes been met by design of trick circuits or unasual 
components which have increased maintenance difficulties. Specific 
recommendations for maintainability should encourage th' con- 
tractor and the Air Force to work out satisfactory coarpromises 
between maintainability and performance requirements. 

ORGANIZATION OF THE GUIDE 

The major sections of the guide are: 

Sectio:  , Introduction to the Guide 

Section 2, Factors in Planning for Maintainability 

Section 3, A Design Schedule for Maintainability 

Section h.    Recommended Characteristics for Maintainable 
Equipment 

Section 5, Recommended Characteristics for Maintenance 
Procedures and Job Instructions 

WADC TR 56-^18 
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Overview of Factors in Planning for AAaintainability 

In planning effectively for maintainability, the designer musts 

1. Integrate the design of all maintainability 
supports to insure compatibility. 

2. Take ir. >o account personnel capabilities and 
limitations, 

3. Allow for difficult field conditions, 

k.    Coordinate his efforts with others in the 
development sequences. 

Each of the four subsection which follows presents recommendations 
concerning these factors. 

. 

WADC TR 56-218 6 
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• Maintainability Supports 

MAINTAINABILITY SUPPORTS 

Planning for effective design requires systematic consideration 
of the maintainability supports shown below. 

Modification Oohtept-      \ 

OveHiaul Facilities 

1 ^    N/lamtwnable 
/ PrW« Equipmenr 

PLAN   ^=5** 

MAlNTAIMABILITy 

./ 

Provisions -fw Supply 

WoH< and Sfovafle 
t-'ac/ilities 

Mdmreotince Procedures 
an4 Diagrams 

Tools 

Personnel Requiremerrrs 
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• Maintainabiiity Supports 

Prime Equipment 

Unless the prime equipment is itself maintainable, all other 
maintenance design is useless. Design of prime equipment for 
maintainability should include: 

1. Self-checking features or test points avail- 
able for checking by auxiliary equipments. 
These test features must permit trouble 
shooting down to each replaceable or repair- 
able portion of the system at each maintenance 

level. 
» 

2. Easy access to and identification of test 
points and equipment units, 

J 
Test Equipment 

Functions of the prime equipment not self-checking must be checked 
by auxiliary test equipments. These test equipments must be « 
provided for all levels of maintenance. 

Maintenance Procedures and Diagrams 

Effective maintenance requires that procedures and diagrams be 
an integrated part of equipment development. They should be 
available when the equipment f: rst must be maintained. 

Tools 

Required special tools should be designed simultaneously with 
the prime equipment; necessary common hand tools should also 

be specified. 

Maintenance Personnel Requirements 

The equipment designer is in the best position to provide infor- 
mation needed for training maintenance technicians prior to use 
of the equipment. This advance training permits effective mainte- 
nance from the time the equipment first enters the field. 

WADC TR 56-218 



• Mointair.obility Supports 

Work and gtoi^SaJTaciXitj es 

eouinLnt     h    eqU1Pment and auxiliary materials,   such as test 
equwnt,  has a strong effect on the facilities required      Unless 

^ the' T^rr'63 adeqUate adVance formation,'ooL^ctSn^ 
ThlTZi*        t1*3 mUSt Wait Until the equipment is available 
Thxs delays achxevement of a satisfactory maintenance  capability. 

Provisions for Supply 

Eqoiprnent designers  should take an active role in working v-i+h 

XLr
d

Ma^iel COmnnd S0 SUPP1^ ^^els will be r^ IT provxded with spares when the equipment goes into ope^tLn 

Overhaul Facilities 

The equipment manufacturer should coordinate his plans for over 

e,ulp«„t Into the Air tile.. int.gr.Uon of nm, 

Modification, Concept 

TsZry^eT™9      " "' "*±M™™ W™™  -^ir.g fro. 

Installation 

i^ure rSl^'if a1^.18 "^  ^"^ ^l0P"nt to 
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• Physical Dimensions of Personnel 

i  ' 

PHYSICAL DIMENSIONS OF MAINTENANCE PERSONNEL1 

Minimum length required 
for crawling: 

59 inches Height 

Minimum heignt required 
for crawling: 

31 inches 

Minimum length for 
working in prone position: 

96 inches 

Minimum height for 
working in prone position: 

17 inches 

; 

Maximum allowable 
depth of reach:- 23 inches 

Bate, furnished by the Anthropology Section, Blo^ysic« Bran«*», iaro »todlcel iHboratorT. 

clothing was added oy tho present authmrs for porpo»«» of illustrmtio«i. 
clothe» would We sli^itly larger diaoutians thac those «howa. 

ftibject« to« 

Additional data on hody ■ea«ureBent« are presented in Hertihsrü, DiBiisl».   «od 
(Bsference 3); Woodson (Beferanc« 8)j and the Tufts Hmdhook (Befamee 1.0)7 

Churchill 

2,    Based an infonel aecsurenents by Buthors, 
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Physical Dimensions of Personnel 

Maxiitmai allowable 
overhead reach: 

76 inches \ i Mei^t Overhead 
Reach 

Minimum overhead height 
for standing position: 

73 inches 

.   i 

Minimum dimension for 
passing body width: 

20 inches 

Minimum dimension for 
passing body thickness: 

13 inches 

WÄDG TR 56-218 11 I 



Weight Lifting Capacity 

WEIGHT LIFTING CAPACITY* 

150_L 

i I 

Maximum 
Allowable 
Weight 

(lbs.) 

®\ 

100-- 

50-- 

H 1 +- h 
1 2 3 ii 

Feet Above Floor 

Cautionr    These weights are absolute maximoms 
for lifting a unit of convenient size and shape 
with unlimited work space. 

Design should aim for much smaller weights to 
account for realistic work conditions. 

1'    teboiSTev !*!* ^^^f S? te^vvolos/ Section.  Biophysics Branch    Aero 
Meaical Laboratory, Wnght Air Derelopoent Center.     Ibtl kre  from 19 mle 

69. _ ,_    _,  „,.   , 
welj^its under the conditions specified. 

Lj.^^ jÄoorttiiory,   nngni  Air uereivlpment  Center.     Tfeta 
'«"wi-^ST f86,?1'15 ^«•s.^rage weight 1R1.2 pounds, average heIrf-.t 

WADC TR 56-216 12 



MAINTENANCE SKILLS OF TECHNICIANS 

The skill level of maintenance technicians is important to the 
equipment designer since equipments demanding skill levels 
higher than those available will not be maintained successfully. 

Technicians cannot be assumed to have a high level of interest or 
previous work experience in electronics. About all that can be 
expected is in-service training and some high school education, 
not necessarily graduation. * 

Maintenance supervisors report that technicians are able to 
perform only simple maintenance tasks when they complete their 
training. Consequently, ruch on-the-job training is usually 

S i  V ^ S
+
0rt aVerage length of e^istments resulting from 

low re-enlistment rate leaves little time for technicians to 
achieve high job proficiency. 

One result of this situation is that technicians more frequently 
make errors on the job than more experienced personnel. ?or 
example, they have been reported to use hand tools for wrong 
purposes; damage equipment by switching to wrong ranges^ not 
follow checklists; handle components carelessly; and replace 
units without locating a malfunction. Designs directed toward 
reducing the likelihood of occurrence of these errors will Wove 
over-all system performance. improve 

Conclusion; It may be necessary for the designer to "build in" 
features for maintenance that would not be required if he were 
maintaining the equipment himself. Specific recommendations for 
such features are in Sections k  and S.    A  procedure for incorpo- 
rating tnese recommendations during equipment development is 
suggested  in Section 3. r * 

WADC TR 56-218 13 



Conditions for Maintenanc 

MAINTENANCE CONDITIONS TO CONSIDER IN DESIGNING 
FOR MAINTAINABILITY 

Conditions for Operator Mointenonce 

b«^« i„crM8inet t™*:? sr^sr6-This is 

system.    Weight and space limltatic uSually prohlbit dupli0.te :;roS°f„r .t.^. i-ons 

press«« Lt'^n ^^1,^.^?'' """ ""''" ^ 

WADC TR 56-218 Ik 



9 Conditions for Mointenonc 

Conditions for Line Moinfenonce 

Assignments may be snni^ 

^^LTechnicai^Orders: 

Technical Orders are «r-^-j 

because technicians feel ^at^h/11"60^ ^ linfe ^intenance 
understand.    TechniciaS ^eti^T Se^ tH^ ^ t00 ^ ^ 
or perform maintenance tasks fr^m^ory^      ^ 0Wn ^^^ts, 

l2ol3 and test equipment.. 

5sre!oois' p'rtioui^ ^^ ****. ** ^^ mi 

««di^ it to the depot for'ZSr.oulH t ?    in "W""»" bwau« 
replacements »ere not .valUble' ' to0 l01,8' "* 

-»Pie,  one volt«ten ^ an^^^rS.' ^ 
Ground power units arp nn+  „T 

quantity;  when they^e used    S^!^1^6 ^ 3ufficient 

cation between technicians diffWt!^       n0iSe ^^ COmmn±- 

Workin^ conditionsr 

Extremes of liehtjm mav K« 

almost total ^^^^ZTnltiir^ ^-rking in 
reflected from the aircraft S^L Zl^l'.to b^t sunligh? 
equipment may be located in dark'coS bright ^^ght the 
cularly difficult for the tecSciaTtoS." T™ ^^ " P-^i- 
eyes are not adapted to the daSSs" ^ details beca^e his 

WADC TR 56-213 



Conditions for Maintenance 

Temperatures range from sub-zero to tropic heat. Working in a 
body position which may be only mildly uncomfortable in moderate 
temperature may become alncst intolerable in a few minutes of 
extreme heat. Perspiration makes the technician's hands slippery 
so that objects will tend to slip from his grasp. In low 
temperatures, stiff fingers make fine movements very difficult 
and make the technician tend to drop tools and equipment. 

Weather changes can delay line maintenance operations on aircraft 
which are not protected. If access panels are open and rain 
starts, maintenance activities have to be suspended and the 
equipment quickly covered to prevent its getting wet. In a 
season of sudden brief showers long delays may occur in performing 
maintenance jobs. 

Radio and radar interference from nearby equipments sometimes 
clutters check indications. 

There is usually very little room for technicians to spread out 
diagrams, instructions, and tools. 

In addition to the above conditions, line maintenance is fre- 
quently performed under severe time stress as a result of 
operational requirements. 

Conclusion; Conditions for line maintenance are more severe than 
for other levels. Consequently, the designer should give special 
emphasis to designing for maintainability at the line level. 

Conditions for Shop Maintenance 

Incompatibility between the extent of maintenance specified and 
provisions for accomplishing this maintenance cause much diffi- 
culty in accomplishing shop maintenance. Shop personnel fre- 
quently lack information, tools, test equipment, or spare parts 
needed to accomplish the maintenance expected of them. Physical 
factors such as temperature, lighting, or space seem to be 
relatively less important. 

WADC Id  56-218 16 



• Conditions for Maintenonce 

Conclusion; The depigner must provide a complete description of 
facilities and equipment required to accoraplisn specified shop 
maintenance. Sending units to the depot which could be repaired 
at the shop level clogs supply channels and increases equipment 
down time for repairs. 

Conditions for Periodic Maintenance 

Conditions for periodic maintenance tend to include both those 
for line and those for shop maintenance» Periodic maintenance 
may include both functional checks and inspections for physical 
damage. Checks and inspections may be made on'installed equip- 
ments or the equipments may be removed from installation as part ■ i 
of the periodic maintenance. 

Conditions for all Levels 

A shortage of qualified personnel to perform maintenance is 
reported by supervisors as the chief problem in getting mainte- 
nance done. Maintenance officers have reported that only a 
small proportion of assigned personnel are able to perform ade- 
quate maintenance without close supervision. In most cases the 
primary complaint was that the personnel were unable to do the 
Job rather than that not enough personnel were available» 

Delays encountered in ordering components or parts may vary 
from a few hours to several weeks or months. 

Shortages in supply lead to cannibalization of mock-ups to keep 
operational equipment in satisfactory condition. Because the 
mock-up is used as an important test instrument, putting it out 
of commission tends to reduce the effectiveness of the maintenance 
on the operational systems. 

WADC TR 56-218 17 



* Design Coordination 

Implications for the Designer 

Conditions in the field make maintenance difficult even with good 
design for maintainability. 

The designer must therefore make certain that the design of his 
system for maintainability is the best that can be achieved. 
Inadequate maintainability may make it impossible for maintenance 
activities to keep up with operational requirements. 

COORDINATING DESIGN FOR MAINTAINABILITY 

Importance of Effective Coordination 

Inadequate coordination during design has resulted in serious 
difficulties in designing for maintainability. Critical test 
points have been left out of plans without the project engineer 
being informed. Aircraft configuration changes affecting elec- 
tronic equipment have been made without the electronic system 
contractor being informed. Electronic system contractors have 
changed size, weight, and shape of the equipment without inform- 
ing the aircraft designer, and operating characteristics have 
been changed without informing test equipment engineers. 

The designer can minimize problems of this kind by following 
the recommendations in this guide. 

WADC TR 56-218 18 
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Design Coordination 

Responsibilities in Coordination 

Individual Design Engineers 

Each design engineer must assume responsibility for designing 
his portions of an electronic system in accord with the general 
principles in this guide.  He must coordinate this design with 
the total system design. This is not to say that each design 
engineer should assume the responsibility for coordinating the 
maintainability characteristics of the total system. It does 
mean that each design engineer should obtain enough information 
to assure that the maintainability characteristics of his 
portion of the system are compatible with the total design of 
tne system.  He should also keep others informed concerning 
those maintainability characteristics of his portion of the 
system which might affect design of other portions. Remember — 
the system includes all of the maintainability supports, not 
just prime equipment. 

Maintenance Design Specialists 

Assignment of maintenance design specialists to development 
projects in advisory and/or decision-making capacities is 
desirable. Such specialists can coordinate the needs of the 
operating command with the work of the prime contractor, 
electronic equipment contractors, Air Force project offices, 
and the various Air Force human engineering laboratories.  They 
can also coordinate maintainability considerations to ensure 
that maintainability requirements are being met at each phase 
f  the on-going system development. o 

WADC  TR ?6-2l8 19 



• Design Coordination 

Techniques for Coordination 

i l 

Coordination Conferences 

Conferences should be held at regular and stated intervals. 
^+r  conferences can be held whenever major decisions 
fZTr.^  "^^ility must be made between scheduled con- 
ferences. It is expected that few conferences will be devoted 
exclusively to maintainability of the equipment being designed, 
but maintainability considerations should be adequaSly repre- 
sented in agenda and in conference personnel. 

whfJZiT WfS! r^ Wl11 be affeCted h* ^«isions reached or 
who should undertake action on the basis of decisions reached 

m^hT61^ ! C^Py 0f the confer^" report. This does not 
mean that each draftsman or factory worker whose work might be 
affected by the conference should receive a conference report. 
It does mean that someone up the chain of command should receive 
the report and be responsible for transmitting appropriate 
information to the proper individuals at the time needed in 
order for them to carry out the decisions effectively. 

Mutations of conferences; Conferences aid coordination by 
permitting rapid interchange of technical information and judg- 

wlf IT.    I1" Vari0US areaS- Confe^es must remember, 
however, that all points of disagreement and all decisions ^re 

w äSH reSolved^ vote- In technical areas such as engineer- 
ing or designing for maintainability, deferring some decisions 
until even a small amount of empirical data can be collected may 
be the best approach to the problem. In other cases, relying on 
the judgment of experts in the area may be the best sclution. 

Periodic Reports 

Maintainability should be an integrated part of almost all periodic 
reports. It is extremely wasteful to begin maintainability design 
after engineering design has reached advance stages. When this 
occurs, there are likely to be two types of unfortunate results: 

1. Imperative maintenance needs are met by time- 
consuming and costly redesign. 

WADG TR 56-218 20 



* Design Coordination 

2. Many desirable maintainaoility features are 
not incorporated in the equipment design because 
they would require expensive retrofit. These 

' features may have cost very little if they had 
been incorporated in the original design, 

! ' 
One way to ensure that maintainability design is not "too little 

I and too late" is to have persons responsible for maintai^bility 
i design prepare a section in each periodic report reviewing pro- 

gress on maintainability design and emphasizing the way in which 
it parallels the basic equipment design. 

When Coordination is Required 

In addition to other coordination requirements, agencies involved 
in equipment design should send out information to other agencies 
whenever: 

1, Decisions are made which affect maintainability 
design. 

2, Information is obtained which augments or super- 
cedes maintainability information previously 
disseminated to other agencies, 

3, An important phase of maintainability planning 
or design has been completed. 

U. Any deviation from previous maintainability 
planning is contemplated. 

WADC TR 56-218 21 



• Design Coordination 

Agencies should request information from other agencies whenever: 

1, Any other agency has not provided complete 
information concerning aspects of maintain- 
ability design for which it is responsible, 

2. A major phase of maintainability design or a        « 
major decision concerning maintainability is 
to be undertaken. This will usually be a 
request for confirmation of information 
previously obtained. 

I 
WAI3C  TR 56-218 22 
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• Design Schedule 

OVERVIEW OF THE DESIGN SCHEDULE 

^+!^^^e
+
is.i"te^ed ** ^lp the designer effectively build 

maintainability into the system during its developnent.    The 
steps to be taken at each    tage in the developmental cycle are 

befSL'6?:    H
1
*
16
 ^Cle giVen here iS ne^sariiy generaSzed 

because the developmental history of each system is unique in 
some respects. H 

A summary is given of the steps to be taken at each developmental 
stagej then each step is taken up individually and the substeps 
for accomplishing each are spelled out. 

All of these equipment development  stages may not be carried 

caseinaSe
o?e^Tfnt f ! Particular w^°n system.    In such cases all of the steps in designing for maintainability should 

T^
1
^    .aCC0TLi8hed'  to the extent that ^is " possible. 

The    designing» steps in particular should be fitted in, even 
if some of the steps for testing the maintainability must be 

Special emphasis is given to maintainability considerations in 
designing the developmental model,  since it is at this stage in 
development that a great many virtually irreversible decisions 
are made affecting maintainability. 

GENERAL PRINCIPLES IN DESIGNING FOR MAINTAINABILITY 

Decisions on maintainability must be made before or during design 
of the developmental model.     Changes in design after that are 
usually judged too expensive or time consuming,  and maintain- 
ability suffers. 

Review the implications of each decision before it is made final. 
Only in this way can all maintainability requirements be kept 
reasonable.     Every decision concerning maintainability affects 
almost every other decision. 

WADC TR 56-218 2U 



• Design Schedule 

Coordinate all decisions with other designers or agencies. 
Each part of the system has to be compatible with the parts 
being developed by others. 
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i 

SUMMARY OF STEPS IN DESIGNING FOR MAINTAINABILITY 

Stage of Equipment Design Steps In Designing for Maintainability 

Preparation of Planning 
Documents„ 

Study of previous systems. 

Development of breadboard 
and experimental models„1 

Design of developmental 
model,1 

Testing of developmental 
model. 1 

Testing of service test 
model,1    (Operational 
Suitability Test) 

Evaluation of prototype 
(preproduction) model.1 

Engineering changes. 

1. Prepare realistic objectives for 
maintainability. 

2. Review experience on previous systems 
for application to maintainability of 
new system. 

3. Establish adjustment points and self- 
compensating features. 

In Determine maintenance levels, 
3'. Divide equipment into units. 
6. Prepare maintenance procedures, 
7. Determine requirements for maintenance 

supports, 
8. Review and modify design for maintaina- 

bility. 

9. Translate design for maintainability 
into actual equipment and maintenance 
instructions. 

10. Make preliminary tests of maintaina- 
bility and modify design as necessary. 

11. Make full-scale tests of maintaina- 
bility and modify design as necessary. 

12 . Evaluate maintainability of the system. 

13. Correct deficiencies in maintainability 
of production equipment, 

Ik.  Review engineering changes for effect 
on maintainability. 

1.    Models are defined In the Sjossary of this report according    to MIJUSro-343 
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STEPS IN DESIGNING FOP MAINTAINABILITY 

Step 1. Prepare Realisfic objectives for Mamfainability 

ITvllXTni: Zld^l1^ T.the team of desi^" 
If they are too slllnltnt    VT ^    7 ^ extremely important. 
will be wasted in tmnf to  rot      ^f10^^ time and funds ,,.« + i*^" -"-"   trying to  reach unattainable e-oalc;       rr +u 
are too lax, maintainability will suffer they 

that must be availah^ fn ! w af{ects the nuffiber of equipments 

are .ore a^l^TL'^lÄl^eSl'1"86 P-'0bl»S 

aring Objeotivea 

thTlt\the ^ ^^^^^ of the new system will best fit 
the Air Force plans for use of the system". 

ouLxTS^coftinLSf Swlt!? ^ H
33
^ 

aIffl0St -^-i.ely ments should be minimized "^  dep0t maint^nce require- 

ive  upon the  others. Constantly review the effects of one object 

Practically all the objectives will be  interrel3tPi     a     « 
stringent requirements for one  phase o^^nf' that 

problems for another      Th««    ! maintenance may raise 
at the line leveW nlTes'llt^T^l ^ '^ Checkout 

equipment which may 1^1^^^^° ^ 
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Shis does not imply that such a. requirement should not be made, 
but rather that the need for the rapid checkout first be 
verified. 

Content of Objectives for Jlaintainability 

Contractual provisions for development of maintainability supports. 

These supports are listed on pages 8 and 9 in Section 2. 

Limitations en final characteristics of the  above supports. 

For example,  should go, no-go test equipment be developed so 
that untrained personnel can use it? 

Schedules for phasing development of maintainability supports. 

Phasing  should be such that there is little chance that supports 
will be developed too early,  resulting in wasted effort if the 
prime equipment is not acceptable; but there must be a high 
likelihood that these supports will be ready on time if the 
prime equipment is accepted and produced. 

Step 2. Review Previous Systems 

Careful analysis of earlier,  similar systems is likely to assist 
the designer by making evident: 

1. Maintainability features of the older systems 
that are applicable to the new system. 

2. Defects in the maintainability of the older 
system that should be corrected on the new 
system. 
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Sources of information for this analysi s are: 

1.  Unsatisfactory Reports, Failure Reports, and 
Tear-down Deficiency Reports. 

These are  most likely to point out field 
changes that had to be made for maintenance. 
Ihe need for such changes can be minimized 
by building the necessary features into the 
new system. 

2. Interviews with maintenance personnel. 

These personnel are likely to recall some 
design features of the earlier systems that 
made maintenance particularly easy or part- 
icularly difficult. Inquiring separately 
about each maintenance task, such as preflight 
or alignment, will probably yield most 
information. 

3. Designers of previous systems. 

Reports of unfruitful approaches to design 
for maintainability in the type of system in 
question, or suggestions for shortcuts in 
reaching certain decisions for this type of 
system should be obtained. 

Step 3. Establish Adjustment Points and Self-Compensatin g Features 

Ihe purpose of this step is  to minimize the  adjur aents that 
will be required in normal maintenance.     The follo^ngsub steps are  suggested: -^xxuwxng SUDsteps 

Check through the  eqtire circuitry of breadboard and experimental 
models and list each component that is adjustable  (otoSS^T 
by the operator's controls). Komar taian 
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Replace as many of these components as practicable with 
components which do not require adjustment.  Adjustments can 
be eliminated through the use of: 

1. Components which will be less inclined to 
drift due to aging, shock, vibT-rtion, etc. 

2. Positive feedback circuits to compensate 
automatically for drift. 

3«  Circuits with safety margins large enough to 
accept all of the shift in performance 
anticipated. 

If none of the above steps is sufficient to prevent drift beyond 
tolerance limits, an adjustment point will probably be required. 

Step 4. Determine Maintenance Levels 

Decide the extent of maintenance to be performed at each main- 
tenance level.  The levels will probably be line (organizational), 
shop (field), depot, and periodic. The extent of maintenance 
recommended for each level should not be influenced by the way 
technicians will be assigned to the levels in the field. Whether 
a given man works in one level or two has little effect on what 
is the optimal division of functions between levels. 

Line maintenance should be given primary consideration in design- 
ing for maintainability.  This is the one level of maintenance 
which will necessarily be part of the maintenance picture, since 
this is the level"of activity directed toward keeping the entire 
system in satisfactory operating condition.  This is also the 
level at which the most serious maintenance problems seem to 
have occurred in the past.  Maintenance at this level is usually 
under the greatest time stress.  Delays in line maintenance are 
more likely to interfere with the functioning of operating 
organizations than delays at other levels.  If there is a choice 
as to where added maintenance burdens should be placed, it will 
usually be less detrimental to total maintenance to place than 
on shop or depot than it will be to place them on the line. 
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Step 5. Divide Equipment into Units 

Planning for division of the equipEent into units shoula begin 
when schematics become available.  Results of this planning 
should be recorded on wiring and/or layout diagrams. 

Divide the equipnent into replaceable units in the following 
steps: 

1. Plan the division of equipment into line 
replaceable units. 

2. Plan the division of line replaceable units 
into shop replaceable units. 

3. Plan the division of equipment into depot 
replaceable units. 

In each of the above steps make certain that the division of 
equipment into units is compatible with the following factors. 
Compromises will probably be required. 

1. Over-all planning for maintenance as reflected 
in objectives for maintainability and descrip- 
tions of the various maintenance levels. 

2- Recommendations for design of units presented 
in Section k,  pp. hi  to 52. 

3.  Good engineering practice.  Tnis involves such 
factors as grouping together equipment functions 
that will not interfere with each other, 
grouping together components which all use the 
same voltages. 

It.  Economic considerations.  Ihese will usually 
not conflict seriously with the above 
considerations.  Where they do, remember 
that greater initial cost for good engineer- 
ing or maintainability is likely to be regained 
in lower maintenance costs in addition to'being 
a sound investment in combat readiness. 
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Consider the following in making these decisiong; 

For the line level the most important requirement is that the 
line technician, using the test equipnent and tools assigned 
to him, will be able to isolate and replace malfunctioning 
units within the time allowed by the operational situation. 

Particular attention should be given to the possibility of 
designing built-in test circuits for the use of the line 
technician.  It is essential, of course, that such test 
circuits be highly reliable. 

! 
j 

The considerations in dividing line replaceable units into shop 
replaceable units are similar to those in dividing the total 
equipnent into line replaceable units. j 

I 

Relatively more emphasis should be given, however, to the effect 
this division will have on requirements for logistics, training, 
tools, test equipment, and shop maintenance procedures. "  i 

! 
I 

Considerations in dividing the equipment into depot replaceable 
units  are similar to those for line and shop except that economic 
considerations are paramount. 

Whether a given assembly should be repaired and put back into 
service or discarded when it malfunctions depends on which 
alternative is more expensive. If the cost of facilities, 
equipnent, and manpower for finding the trouble in assemblies 
and making the repair is greater than the cost of new 
replacement assemblies, the assemblies should be discarded 
when they malfunction.  Conversely, if repair is relative?/ 
cheap, the assemblies should be repaired for r&-use. 
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Step 6. Prepare Mafnfenance Procedu res 

tnVJim ISTri^:' PrePared-    ^^ *' -in- 

For each level exaaine the DrohaMo   ^ . 
and corrective maintenance.     * needS f0r b0th P^^entive 

Wake certain that procedures are listed r  • 
adjusting, replacing, repairing t^ K?  f inspecting, checking. 
when appropriate.     ^^S,   trouble shooting, and servicing' 

Prepare procedures first for Hr*. T   -,    * 
depot level, than periodic LiSn^c"1' Tf ^ leVe1' ^ 
sample shown on page 11,2 in Section f^ ^ 0ra Slmilar to th^ 
from  any procedure:       action 5 will minL-nize emissions 

Constantly review the effect of +wD 
ments for other maintain^ ns+     Procedures on the require- 
reasonable.    ^^^inabinty supports,- keep requirements 

; 1 

It^ag to considAr induge. 

1. Test points built into the equipment. 

.  2.  Test equipnent, either standard or special. 

3.  Controls and indicators other than thn« 
already provided for the oper-ato"    * 

k.     Tools, either standst or special. 

Sy require hni0ian ^ US6S tt--e ^-^ure 

Review the procedures f«w «^«^ 

Section  E aL t0  o^aSn.l^SS.'.S/yX'-Är " 

It  will   probably be  relativelv  ***■* + 
to recommendations in thSluid? ^Co^f^r^.^^ 0f co^o™ance guiae.  Conflict with operational 
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requxrenients,  however,  may be more serious.     If any procedure 
conflzcts with  the  operational requirements   (e.g^/lSe trouble 

shou^L0^0' ^ d°ne Within the time all^d) the proced^e 
should be revised.     Changing the division of equipment into 
units  or even redistribution of tasks among the vSious 
maintenance levels may also be required.     In the eveSthat 

co^rr^r^5 at bringing the Procedures InS 
inirzSiL:rr::iirSen:rrements faii> —a — 

Step 7. Determine Requirements for Maintainability Supports 

sLn^h^ eaCh procedure steP by step,  and write down for each 

following items for each maintenance level! e 

1.    Prime Equipment Characteristics 

a.     Special controls 
Special indicators 
Test points 
Special connections 
Special constructional  configurations 
Special installation features 

" 1 

b. 
c. 
d. 
e. 
f. 

2. Test Equipment Characteristics 

a. Standard 
b. Special 

3.    Bench Mock-ups 

U.     Tools 

' 

a. Standard 
b. Special 

5. Information needed to perfom the procedures 

(Readings and tol« 
one technician) 

Lerances that  will be needed by 

Installation characterist ics 
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i    ' 

Collate the requirements from various maintenance levels and 
procedures to form a single list.  Ihis eliminates duplication 
in requirements for maintainability supports and results in a 
single set of non-overlapping requirements.1 

Requirements for personnel, work and storage facilities, 
supply channels, overhaul facilities, and equipment modification 
should also be identified and described. 

Suggestions for these items are not included in this guide. 

Step 8. Review and Modify Design for Maintainability 

Review for reasonableness the requirements for each main- 
tainability support. 

The following questions can be asked about each support to help 
decide about its reasonableness: 

1. Can it be obtained or developed within the 
budget and time limits of the project? 

. 
2. Can it be supplied and be used for typical 

field conditions? 

3. Will it be economical to train personnel to 
use this job support? 

U. Do the advantages of the item outweigh the 
cost of developing, procuring, and maintaining 
it? 

Similar questions can be asked concerning whole classes of 
maintainability supports, e.g., test equipment, tools, etc. 
They can also be asked concerning all maintainability supporx-s 
taken as a whole. Requirements taken as a group may be excessive 
even though requirements for no single support may be excessive. 
Thus a review of total requirements as well as individual 
requirements should be made. 

1      Provisioring of support  items  should be  in accordance with Docuraent MCP 71-650, 
Sround Support Ecuipment and Spare Parts Therefor Provisioning Document  for 
United  States Air Force Contracts,  35 April  1955. 

WADG  TR 56-213 35 



• Design Schedule 

Modify design recommendations if any requirements for maintain- 
ability supports are not reasonable. 

Keep in mind that procedures,  design of equipment,  and maintenance 
levels are interdependent.    Modification of one may also require 
modification of the others.     If certain requirements for maintain- 
ability supports cannot be made reasonable within existing 
operational requirements,  it may be necessary either to revise 
the criteria of reasonableness  (e.g.,  increase the budget for 
test equipment)  or modify operational requirements  (e.g.,  increase 
the time allowed for line trouble shooting). 

This review and modification must be completed before engineering 
design reaches the point where changes cannot practicably be 
made. 

Step 9. Translate Design for Maintainability into Actual Equipment and 
Maintenance Instructions 

This step includes fabrication of actual items of prime equipment 
and its maintenance support equipment such as tools and test 
equipnent.    It also includes the writing of maintenance job 
instructions in form for use by maintenance technicians.    It 
should be scheduled into the total developmental sequence so  that 
maintenance support items become available at about the same 
time as the completed developmental model of the prime equipment. 

Step 10. Make Preliminary Tests of Maintainability and 
Modify Design as Necessary 

Preliminary testing of maintainability is accomplished as a part 
of engineering testing of the developmental model by: 

Using the procedures developed for use by Air 
Force technicians in the field. 
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Using all auxiliary equipments specified for use 
by Air Force technicians in the field. 

Using as maintenance personnel Air Force technicians 
with training similar to that planned for those 
who will maintain th    equipment in the field. 

It is likely that it will be practical to meet these  conditions 
in only a small part of engineering testing.    It may even be 
necessary to  set aside some portion of the test period specifically 
for this purpose.    But it should be done. 

Modify design to correct deficiencies discovered in maintain- 
ability. 

Step 11. Make Full-Scale Tests of Maintainability and 
Modify Design as Necessary 

Full-scale testing of maintainability is accomplished as a part 
of the Operational Suitability Test by closely simulating 
maintenance field conditions during the test. 

Particular attention should be given to adhering to the  conditions 
suggested for preliminary testing of maintainability. 

Participation of a specialist in maintainability in this testing 
is likely to be very helpful in discovering features which will 
cause maintenance difficulty tn the  field if not modified. 

One limitation of this testing is the difficulty in making any 
but relatively minor changes in equipment because of  the time 
and cost involved in redesign.     This limitation becomes even 
more  severe during later stages of development. 
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Step 12. Evaluate Maintainability of the System 

During modification of the service test model into a prototype 
(preproduction) model, make a final reappraisal of the total 
design for maintainability.    Modify the design to eliminate 
weaknesses. 

Step 13. Correct Deficiencies in the Maintainability 

of Production Equipment 

If maintainability testing and evaluation has been adequate, few 
unsatisfactory maintainability features should remain in early 
production equipment.    Maintenance personnel should be alerted, 
however, to look for and report on Unsatisfactory Reports any 
undesirable maintainability features  that do remain.     The cost 
and time delay required to make the indicated changes should be 
weighed against the cost and delays in maintenance likely to 
result from not making the change. 

Step 14. Review Engineering Changes for Effect on Maintainability 

Once a piece of equipment goes into operational use,  it is 
modified on the basis of Unsatisfactory Reports, Failure Reports, 
and Tear-Down Deficiency Reports  submitted by field personnel. 
Each engineering change proposal suggesting such a modification 
should include a statement of exactly how the modification will 
affect maintenance at each level.     This means  that directions 
for field modification should include instructions for changing 
standing procedures for use on the modified equipment.    In 
general,  it is better from the maintenance  standpoint,  to make 
modifications in blocks so that maintenance personnel can keep 
track of them more easily. 
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section 4 

Recommended Characteristics 
for 

Maintainable Equipment 
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OVERVIEW 

This section contains concrete suggestions for design features 
to be included in all systems where feasible. The first nine 
subsections deal with the prime equipment. The next one deals 
with installation of the prime equipment. The last three sub- 
sections deal with auxiliary equipment needed for maintenance. 

Suggestions for scheduling the recommendations of this section 
into the developmental cycle are, in general, not included in 
this section. The Design Schedule for Maintainability in 
Section 3 Drovides specific guides for scheduling design for 
maintainability into the technical development of the system. 

In contrast to other sections in this guide, this section is 
not designed to be read from start to finish« Rather, it is 
an encyclopedia of design features to be referred to when 
specific problems of hardware design are being considered. 
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Equipment Units 

Purpose of Unitizing Equipment 

The primary purposes of unitizing equipment from'a maintenance 
standpoint are to: 

Permit division of maintenance responsibility^ 
particularly trouble shooting, among various 
maintenance levels. This permits rapid 
corrective maintenance at the line level with 
additional maintenance at other levels. 

, 
Provide easy access to malfunctioning components. 
It may, for example, be much easier to remove an 
assembly from a major component and then work on 
a part than it would be to work on the same part 
when mounted directly within the major component. 

Effect of Maintenance Levels and Procedures on Design of Units 

There is interaction among unit design, maintenance levels, and 
maintenance procedures. For example, if maintenance procedures 
specify that a particular major component should be brought to 
the shop if it contains any malfunction, there is little point 
in designing the conponent so assemblies contained within it are 
removable on the line. 
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The Design Schedule for Maintainability in the previous section 
suggests some of the considerations for integrating the design 
of units with procedures for each maintenance level. Only through 
such integrated design can unitization be maximally effective for 
maintenance. For example, the design of two similar major 
components should probably differ appreciably if procedures specify 
that one is line replaceable and the other is not replaced at the 
line level but contains a number of line replaceable assemblies. 

Functional Interrelationships of Units 

Minimize the number of irputs to and outputs from each unit at each 
maintenance level. This can be done by grouping circuits so that 
minimum crisscrossing of signals between units is required. 

No unit should have more than about 30 volts applied to it (for 
heater or standby) when the main power switch for the equipment 
is turned "off." 

Units should not be "married" to each other. It should be possible 
to check and adjust each unit separately, and then connect the 
units together into a total functioning system with little or no 
additional adjustment required. " 

Provide overload indicators on each mag or component even if it 
is s^.netimes desirable to keep overloaded circuits in operation. 

Interchangeability of Units 

Regularly stocked parts should be used whenever feasible 
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As many assemblies, subassemblies, and parts should be inter- 
changeable within and between equipments as feasible. Inter- 
changeability of conponents reduces supply problems. 

The number of different sizes and types of screws and quick con- 
nectors used on an equipment should be kept to a minimum. 

Labeling and/or Coding of Units 

All units and parts should be labeled with full identifying 
information, including if possible, the Air Force stock number. 

The outside covering of manufactured parts such as resistors, 
condensers, and tubes should be stamped with relevant infor- 
mation concerning electrical characteristics of the part, when 
feasible. Direct presentation of this information makes 
interpretation easier than color coding. 

Each terminal should be labeled with the same code symbol as the 
wire to be attached to it. 

Labels should be etched or embossed into the component or chassis 
rather than merely painted or stamped on the surface« 

If surface labels must be used, decals or stamped labels are 
preferable to stenciled labels because they are usually easier 
to read. 

Labels should not be hidden by units and parts. For example, 
labels stamped on the cnassis should not be placed under the 
parts which tney identify. 

1 
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MOUNTING BOLTS AND FASTENERS 

Fasteners for assemblies and subassemblies should fasten or 
unfasten in a maximum of one complete turn. 

lIoo^it^are Tffl the nU!nber of turns squired to tighten or loosen them should be minimized. 

Hand-operated fasteners are best;  those requiring standard hand 
tools are acceptable;  those requiring nonstandard tools should be 
avoiclecl« 

\ 
Use combination-head mounting bolts with a deep internal slot 
arrangement and hex head. 

This type of screw can be operated with a standard 
screwdriver, but a wrench can be used on jammed 
bolts, 

UseThis 

tor5uesPrOVide ^ external-griP head on bolts requiring high 

This will reduce the need to drill out bolts with 
damaged slots. Even round Fillister heads permit 
a grip with a vise pliers if the slot is damaged. 

UseThis      OK-This      NotThis 

SESt 
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Make moiinting bolts semipermanently captive. Snap-on collars are 
good for this purpose. They permit easy replacement of damaged 
bolts. 

■mmmnmnm 

P5V       Snap-on 
H     Y  Collar 

O 
Mounting bolts and fasteners should be clearly labeled as such. 

An "M" embossed on the top of the head would be 
good if the practice could be widely used. 

1 

Use a rust and damage resistant material for mounting boltis and 
fasteners. 

Mounting screws should be interchangeable whenever feasible. Use 
as few different sizes as practicable. 

Place heads of mounting bolts and fasteners on a surface adjacent 
to the technician's work space. 

UstThls 

t= 

^ 

</// 

NotThis 
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MOUNTING AND ASSEMBLING PROVISIONS 

Field replaceable assemblies and subasseniblies nhould be plug-in 
rather than solder connected whenever feasible. This is true of 
large assemblies and small subassemblies such as electrolytic 
condensers, relays, and miniaturized throwaway circuits. 

No more than four screws should be used for mounting a major 
unit in an installation unless stress considerations require more. 

Assemblies and units should be replaceable with nothing more than 
common hand tools. 

Units which must frequently be pulled out of their normal installed 
posxtion for checking should be mounted on roll-out racks, slides, 
or hinges. ' 

Always provide guide pins on units and subassemblies for alignment 
during mounting. 

Always provide limit stops on roll-out racks and drawers to prevent 
their being dropped. 

It should be easy to override these limit 
stops for replacement of racks and drawers. 

Mount units and assemblies so that replacing one unit does not 
require removal of other units for access. 

Covers or shields through which mounting screws must pass for 
attachment to the basic chassis of the unit should have large 
enough holes for passage of the screw without perfect alignment 
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LOCATION OF COMPONENTS WITHIN UNITS 

Parts should be mounted in an orderly array on a "two-dimensional" 
surface, and not "stacked" one on another« 

Orderly layout is helped by mounting parts to one side of a board 
and wiring (including printed or soldered circuits) to the other 
side, with electrical contacts inserted through the board. 

Locate parts so that large manufactured parts such as indicator 
and magnetron tubes which are difficult to remove do not prevent 

access to them. 

Components should be placed so that: 

1. There is sufficient space to use test probes, 
soldering irons, and other required tools 
without difficulty. 

2. Tubes can be replaced without removing 
assemblies and subassemblleSo 

3. Resistors, capacitors, wiring, etc, do not 
interfere with tube replacement, 

k.    Structural members of units do not prevent 
access to components. 

5. All throwaway assemblies or parts are 
accessible without removal of other 
components. 

If line maintenance procedures require tube replacement it should 
not be necessary to remove units from their installation to make 

such replacements. 

Locate all fuses so that they can be seen and replaced without 
removing any other parts or subassemblies. Tools should not be 
required for replacing fuses. 
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Delicate components should be located where they will not be 
damaged while the unit is being worked on. 

For exanqple, resistor boards should not be in a 
position where the technician is likely to strike 
them with his hand or ana when making adjustments. 

Internal controls such as switches and adjustment screws should 
not be located close to dangerous voltages. 

M   ' 

If screwdriver adjustments must be made blind, the screws should 
be mounted with their shafts vertical so the screwdriver will 
not fall out of the slot. 

Components which retain heat or electrical potential after the 
equipment is turned off should not be located where technicians 
are likely to touch them while changing commonly malfunctioning 
parts such as tubes. 

1 i 

Orient all miniature tube sockets with the gap facing in one 
direction to help in replacing tubes. 

UseThis Wot This 
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STRUCTURE OF UNITS AND ASSEMBLIES 

Only interconnecting wiring and structural members should be 
permanently attached to the unit chassis. All parts (resistors, 
condensers, tube sockets, etc.) should be mounted on sub- 
assemblies, or much of the value of unitization is lost. 

Provide fold-out construction of subassemblies whenever feasible. 

Position parts and wiring to prevent damage to 
them from opening and closing the assembly. 

Closed 
#1^ Hinges 

"^--Catch 

Open 

Provide a brace or other provision to hold hinged assemblies in 
the "out" position while they are being worked on. 

UstThia NotThit 
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Provide rests or stands on which units can be set to prevent damage 
to delicate parts. The rests or stands should be a part of the 
basic chassis if feasible» 

Use This Not This 

■ . •     •       ■ ■    ■ ■ <, 

Make stress members of units strong enough to withstand the usual 
blows they receive in handling and transportation for maintenance. 

' 1 

Units should be small and light enough for one man to carry and 
S Ü: ^"ever

/,
thls arrangement is feasible technically. See 

"Weight Lifting Capacity" of personnel on page 12. 

Ifl*  Jh0Ul^be ^«if^ so individuals handling them are protected 
from sharp edges, points, heat, and electrical charges, 

shnuff hr exte1
nsions suf as ^lts> ^bles, wave guides, and hoses 

should be easily removable before the unit is handled  Such 
protrusions are easily damaged and make handling of the unit 
awkward. 

Units weighing more than ten pounds should have convenient handles 
to assist in removal, replacement, or carrying. 

Provide handles even on small light units which would otherwise 
be difficult to grasp, remove, or hold without using delicate 
components as grips* 
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• Equipment Units 

COLOR CODING' 

The meaning of colors should be explicitly stated in printed job 
instructions and/or on a panel of the equipment having the color 
coding. 

The meaning of a particular color should be consistent throughout 
a prime equipment and its maintenance supports. It should also 
be consistent for different equipments, insofar as this is 
possible. 

Only three colors of coded signal lights (e.g., for panel lights 
on testers) are recommended if color defective technicians will 
use them. They are aviation red, aviation green, and aviation 
blue as defined by Military Specification MIL-C-25050 (ASG), <\ 
29  October 195U, Colorsj, Aeronautical Lights and Lighting Equip- 
ment, General Requirements for. Don't use white or yellow with 
the three recommended colors because color defective technicians 
may confuse red with yellow and green with white. 

Surfaces painted with the colors listed below will be clearly 
distinguishable from each other. 

Red 1110        Blue 10B 7/6       White...1?^ 
Orange..1210        Purple,..2715 Black...1770 
Yellow..1310        Gray 1625 Buff.. ..17ii5 

Black, white, yellow, and blue are easily distinguishable by 
most persons, even those with defective color vision (who conprise 
about six percent of the male population). 

1,    These suggestions are taken prinarily from the following two sources: 
BaJoer,  C. A.  end Qrether, V. F.   (Reference l) 
Spector,  P.,  Swain,  A. D.,  end Meister,  D,    (Eeference 7) 

The numbers refer to colors for reedy Bired paints  (Beferenca 9) with the 
exception of tlue 1CB 7/6 which  follows Ifcmsell, A. H.  (Eeference 6). 
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* Equipment Units 

If more than four colors are needed, the other colors listed above 
are the best even for persons with defective color vision. 

No more than the nine different colors suggested above should be 
used on any one equipment. This will usually be more than enough 
to differentiate parts of the equipment. However, if more are 
needed, check patterns of contrasting colors should be used 
rather than using solid intermediate colors. Some combinations 
of contrasting colors are suggested below: 

White Black 
White Red 
Bright yellow Black 
Bright yellow Blue 

"        1 

OTHER CHARACTERISTICS FOR UNITS 

Treat metal surfaces as necessary to inhibit corrosion. 

Maintenance is usually easier when a whole unit rather than a 
circuit or portion of a circuit running through a unit is 
pressurized. 

Units containing mechanical components such as gear trains should 
have provision for lubrication without disassembly or should not 
require lubrication (be sealed in a lubricant). 

Colors should be permanent. They should not wear off or fade. 
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• Covers and Cases for Unifs 

Covers and Cases for Equipment Units 

STRUCTURE 

- 

Design so that cases can be llf ted off units rather than ur.i ts 
lifted out of cases.    This is particularly true of heavy units. 

Use This Not This 

' 1 

Make cases enough larger than the units they cover so that wires 
and other components are not likely to be damaged when the cases 
are put on or taken off. 

Guides and tracks help to prevent cases from cocking to one side 
and causing damage. 

When the edges of a case must be slid over rubber stripping or 
other sealing material, the sealing material should be adhered 
tightly enough so that it does not buckle or tear, damaging the 
seal or jamming the case. 

Use hinged co-vers to reduce the number of fasteners needed. 
Nonpresgurlzed units may need only one fastener with a hinged 
cover. Keep in mind that a hinged cover requires a space equal 
to the size of the cover in which to open, which may be a 
disadvantage. 
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• Covers and Cases for Units 

The method of opening a cover should te obvious. If it is not 
obvious from the construction of the cover itself, an instruction 
plate should be permanently attached to the outside of the cover. 

It should be obvious when a cover is in place but not secured, 
OV j-rwise, the unit may be picked up by its loose cover and 
dropped. 

Covers and cases should have rounded corners and edges for 
safety. 

FASTENERS FOR COVERS 

Make maximum use of tongue~and-slot catches to minimize the 
number of fasteners required. 

Use This Not This 

Use as few fasteners as possible to maintain required strength 
and bonding. 

In most cases one fastener at each corner of a 
rectangular cover or three on a round cover will 
be adequate. In some cases one fastener at each 
end of a diagonal will be enough. 
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• Covers and Cases for Units 

Use the same size and type of fasteners for all covers and cases 
on a given equipment where practicable. 

Exception: If a system has one or two pressurized 
units requiring large fine threaded screws to hold 
the pressure, do not use that type of screw on 
other units having only dust covers. Use quick- 
acting fasteners on the dust covers. 

Screws with different threads should be different sizes. Other- 
wise they may be forced into the wrong holes and stripped. 

See also "Mounting Bolts and Fasteners," page hh. 

HANDLES 

Provide handles on covers to facilitate removal of the cover and 
carrying of the unit. 

1 

Use This 

[ 

<M 

Not This 
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• Covers and Cases for Units 

Locate handles over the center of gravity of units so they do not 
tend to tip when being lifted or carried. 

Handles which technicians must 
grip firmly should be at 
least four and one-half inches 
in height and two inches in 
depth. Handles which are 
smaller will cause technicians ' 
hands to be squeezed, result- 
ing in discomfort and inability 
to exert full force. 

Mitt. 

OTHER CHARACTERISTICS FOR COVERS 

Oyers and cases should have their own stock numbers in the event 
they have to be replaced. 

Ventilation holes in covers should be small enough so test probes 
or other conductors cannot be inserted inadvertently and touch 
high voltage sources. 
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• Wires and Cables 

Interconnecting Wires and Cables 

WIRE AND CABLE CONSTRUCTION 

Cables should be long enough so that: 

Each functioning unit can be checked in a convenient 
Place  (Extension cables should be provided where 
this is not feasible.) 

Units in drawers and slide-out racks can be pulled out 
without breaking electrical connections, and'connectors 
can be reached easily for replacement or repair? 

Units which are difficult to connect when mounted 
can be moved to a more convenient position for 
connecting and disconnecting their cables. 

Length of cables should be the same for each installation of a 

SZtT^Tl11" CirCUit functi0^ ™y be significantly affected by differences in cable length. 

Even if component adjustment can condensate for 
diffsrences in cable length, the use of different 
cable lengths in different installations my make 
bench adjustments inaccurate for a feiven install- 
ation. An adjustment which is correct for the 
bench mock-up may throw an installed equipment out 
of tolerance if it has different le-xgth cables. 

1 

inbaeshonno.ST fOUld ,be.desi^ed so ^t taey can be fabricated in a shop or factory and installed as a unit, 

Cables should be »fanned out" in junction boxes for checking if 

nrovLaf ?M  S that Win giVe the Same ^or^tion are ^t provided.  This arrangement requires that each check point be 
accessible for test probes and be clearly labeled. It also 
requires that maintenance instructions and diagrams indicate the 
location (physical, and fv" 
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• Wires and Cables 

CABLE ROUTING 

Route cables so that: 

They cannot be pinched by doors, lids, etc. 

They are very unlikely to be walked on or used 
for handholds. 

They are accessible to the technician; not under 
floorboards or behind panels or cortponents that 
are difficult to remove. This is particularly 
important for waveguides and high frequency or 
insulated high voltage cables. 

They need not be bent and unbent sharply when 
they are connected or disconnected. 

ÜWThis Nor This 

Provide guards or other projection for easily damaged conductors 
such as waveguides, high frequency cables, or insulated high 
voltage cables. 
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• Wiresand Cables 

CONNECTORS FOR CABLES AND WIRES 

v   ' 

Identification 

Design plugs so that it is impossible to insert any plug in the 
wrong receptacle. Either of the following methods is adequate: 

Make nearby plugs different sizes. 

Use different keys or aligning pins on nearby plugs. 

Right Receptacle Wrong Receptacle 

1 

Plugs and receptacles should have painted stripes, arrows, or 
other indications to show proper position of keys or aligning 
pins for proper insertion position. 

Each pin on each plug should be clearly identified. 

Code each plug to the receptacle to which it is to be attached. 
Color coding may be a convenient means of coding. 

Use This 

—Pv 

=M3 Ö 

Not This 

~w 
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• Wires and Cables 

Test Points on Connectors 

Plugs should provide access to each replaceable unit input and 
output for which a special test point has not been provided. 
If dust or moisture is a problem, plugs with test points may be 
constructed with a built-in cover. 

T«st Position Normal Position 

w 
cover sli'd backfortesrmg Test Points Cover 

Test Points (covered) 

If it is not feasible to provide test points in plugs, adapters 
with test points should be provided for insertion between plug 
and receptacle. 

Test Points 

Adapter 

1 Receptacle 

Provisions for Connecting and Disconnecting Cables 

Plugs  requiring no more  than one turn, or  other quick disconnect 
plugs,  are preferred over plugs with fine screw threads requiring 
many turns. 
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• Wires and Cables 

Use plugs with a self-locking safety catch whenever feasible, 
rather than plugs which must be safety wired. 

Plugs which need safety wiring should have provision (e»g,, holes 
or hooks) for such wiring. There have been cases where such 
provisions have been omitted. 

It is easier to connect and disconnect units having a few cables 
with many pronged plugs than units having many cables with fewer 
prongs. It takes about the same amount of time to connect a plug 
with many prongs as it does to connect a plug with a few prongs. 

Aligning pins or keys should extend beyond electrical pins. This 
protects the electrical pins from damage through poor alignment 
with the receptacle or twisting of the plug when partially 
inserted. 

Use This NotThis 

Avoid symmetrical arrangeme its of aligning pins or keys. Such arrange- 
ments permit a plug to he  inserted l80 degrees from the correct position. 

Use This 

Guide 
Pins 

NotThis 

Guide 
Pins 
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* Wires and Cables 

Design of connectors should prevent electrical contacts from 
being shorted by external objects. 

Plugs which must be removed for preflight checking should be most 
accessible to the line technician. Preflight procedures and equip- 
ment design, however, should make removal of plugs unnecessary 
for preflight checks insofar as possible. 

Connectors should be located fax enough apart that they can be 
grasped firmly for connecting and disconnecting. The space 
required will depend on the size of the plugs. 

UstTK IS Not Tbi it 

i 

When a mechanical portion of a total weapon system (e.g., the tail 
section of an aircraft) is removable for maintenance, cabling con- 
necting the removable portion from the rest of the system should have 
a plug and receptacle which will disconnect before the cabling breaks. 

Particularly if nonelectronics maintenance personnel 
do the removing, plugs may not be disconnected until 
considerable strain has been placed on the cabling, 
A Jerk-open plug will part before damange is done to 
the cabling. A screw plug probably will not. 

Whenever practicable design the system so that receptacles are 
"hot" and plugs are "cold" when disconnected. 
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• Wires and Cables 

Provide plugs and receptacle« fn-r * 
^ts  When cables are "pigiailed Tu ^ CableS to ^™** 
what harder to replace; dSSed ell  ^^  the ^^ ^ some- 
to replace,        ' aamaged cables are much more difficult 

UseThis 
MotThi« 

Wire Connections 

Plug-in contacts are usually +>, 
screw Wnais are of ^L diffWt! t0 Z™*^ and d"connect, 
the most difficult.    From t^ st^pSnf'o?^ SOlder con^tions    ' 
more easily connected and discorZT^       eaS7 ^^tenance,  the 
ever feasible. disconnected types should be used when! 

The end of a wire soldered tn a + 
solder to simplify reSgu! ^^ ** left out of the 

Use This NcH-Thi 

Solder 
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« Wires and Cables 

Leads to which wires are to be soldered should be far enough apart 
so work on one lead does not damage neighboring leads or other 
components. 

UseTh.s NotThis 

Terminals or other connections to which wires are to be soldered 
should be long enough so insulation and other surrounding 
materials are n^4- burned by a hot soldering iron. 

UseThis NotThis 

i 

Use \J  lugs rather than O -1-USS whenever feasible. 

UseThi« NotThis 

^ o /Q) 
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• Accesses 

Accesses 

Importance of Accesses 

Adequate accesses are a necessary condition for effective mainte- 
nance. If proper accesses are not provided or are difficult to 
reach or use, large covers will have to be removed unnecessarily, 
fittings in hydraulic or air lines will have to be opened, and 
maintenance tasks will probably not be performed as specified 

When an Access is Needed 

Provide an access whenever a frequent maintenance operation would 
otherwise require removing a case or covering, opening a fitting, 
or dismantling a con^onent. 

i 

Procedure for Access Design 

List the parts of equipment to be reached through each access 
and the operatiuns to be performed on each part using that ac-ess 
Then design the access to make those operations as simple as 
possible.    Remember that accesses include not only entrance doors: 
but also inspection windows and lubrication, pneumatic,  and 
hydraulic replenishing points. 
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• Accesses 

LABELING AND/OR CODING 

Each access should be labeled with a number, letter or o+h». 
symbol designation assigned only to that ZLZ *    f   er 

be clearly named in Job^nstr^tions ^ ^  ^ Can 

be provided P .r  J+ ^- ^ Pf8"10» for pin insertion should 
and'Slhe cab^^.^^^ StripeS or dots on ^ «^ plug top 

Label each access with the 
nomenclature for items 
accessible through it. For 
example: "GSM adjust," or 
"Dynamotor brush access," 
or "Antenna drive lubri- 
cation." 

Each access should also be 
labeled with the nomen- 
clature for auxiliary equip- 
ment to be used at it. For 
example: 

Antenna drive lubrication 
Grease Gun 7208, 
Grease KLL-27~Q69k 

Indicate under each access the 
recommended periods for 
accomplishing operations either 
in calendar time or operating 
time. 

~\ 

If it is not feasible to 
present any of this 
material on or near the 
access, it should be pre- 
sented in job instructions 
and identified by the 
symbol designation labeled 
on the access. 
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• Accesses 

TYPE OF OPENING FOR PHYSICAL ACCESS 

Use a hinged door where phVSical „„^  . 
a cover plate held in pl^^^T^C^^        - 

of ^Mngld^Sing! ZTl ^er'Stf th
+

e aCCeSS preven^ *** 
opening fasteners. plate ^^ ™Ptive qalck- 

s^ss^r-::^ tisr-fasteners wii1 -— 
— of the -.st screws^s-T^CS: ^^. 

TYPE OF ACCESS FOR VISUAL INSPECTION ONLY 
' 1 

Most_desirable 

Use a quick-opening metal cover if ol*.« will not mpp+ c + v,„       v-uver it glass 
meet stress or other requirements. 
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• Accesses 

TYPES OF ACCESS FOR TOOLS, TEST LEADS AND SERVICE EQUIPMENT 

i^LdMirable Use an opening with no cover unless this is 
likely to degrade system performance. 

Use a spring-loaded sliding cap if dirt 
moisture,  or other foreign materials are 
a problem. 

ACCESS AND SAFETY 

Provide edges of accesses with internal fillet«? rw m^u 

SHAPE OF ACCESS 

Make access doors whatever shape is necessary to permit oassa«* 
of components and implements which must pass throSh  Access 
openings need not necessarily be a regular sh-rl VfCl ronnri Tf    r„*  «   n     J "<= a jeguxar snape like square or 

a^of^^ 

it must serve, make the access whatever shape is needed. 
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* Accesses 

LOCATION OF ACCESSES 

Locaticn of accesses for line maintenance should be dictated by 
the way in which units are installed. Determine which faces of 
the unit will be accessible in the normal installation and place 
accesses on one of these faces. All accesses, displays, controls, 
cables, etc., should te put on the same face of a unit whenever 
possible. It is usually easier to keep only one face readily 
accessible in an installation than it is to keep more tnan one 
readily accessible. 

Place access openings to permit maximum convenience in performing 
job procedures. Determine what the technician will have to do 
through a given access and place the access to accommodate that 
operation. 

i f 

SIZE OF ACCESSES FOR ONE-HAND TASKS 

Inserting empty hand held flat. 2 l/U" x k" 

1,    The suggestions for minimum access sizes in Ulis section are based mainly upon 
very informal measuremants taken hy project staff members on one another.    Some 
are based upon systematic data collected on a small sample of subjects performing 
certain tasks  (this study to be reported separately), and others are extrapolated 
from carefully collected and analyzed anthropometrlc data as reported in 
Hertzberg, H. T. E., Baniels, 5.  S., and Churchill, E.  (Reference 3).    All dimen- 
sions presented axe offered only as useful approximations.    Where the extrapolation 
from our measuremants or from the anthropometric data may be soiwwbat tenuous, 
an attempt was made to err on the safe side by adding a margin of safety judged 
by the authors to be adequate.    These dimansions will provide adequate space for 
about 93? of technicians. 
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* Accesses 

Smallest square hole through which 
empty hand can be inserted. 

Inserting a miniature vacuum tube, 
held with the thumb and first two 
fingers, up to the center knuckle 
of the middle finger. 

3 1/2" x 3 1/2» 

2" x 2n 

Inserting a large vacuum tube (CRC I625j 
base dia. 1 3/8", height I4 1/2" 
excluding pins and grid cap). 

Using an eight-inch screwdriver with 
a one-inch diameter handle. 

h" x U" 

3 3AM x 3 3A" 
■   \ 

Inserting and tightening an AN plug 
(lit pin connectorj  outside dia. 1 7/8"). 

k" x k" 

Inserting a box (or electronic 
assembly) held in one hand. Width of box 

+1 3/k" 
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• Accesses 

SIZE OF ACCESSES FOR TWO-HAND TASKS1 

If an object is heavy for the position in which it has to be 
handled or if an object is held while a tool is operated (e.g., 
screw and screwdriver) the technician may need to insert two 
hands and two arms through the access. Make the access door 
big enough to allow this. 

■: 

'■ 

Inserting a box (or electronic assembly), 
grasped by handles on front, into an 
aperture (box was 8" x 8" x 8", 
weighed 2h  lbs.). 

1/2" clearance 
on each side of 
box 

Reaching through access with both hands 
to a depth of 6 to 2$  inches. 

Width = 3/U depth 
of reach 

Height = k  inches 
" 1 

Pepth 

1.    See footnote on page 69, 
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• Accesses 

Reaching in full arms length (to 
shoulders), straight ahead, with 
both arms« 

Width of access; 
19 1/2" 

Determine what the technician will have to see by studying the 
operations he will have to perform through the access before 
deciding on the access size. 

For some operations it may be better to place the access to the 
side instead of directly over the operation. 

If the technician must be able to see what he is doing inside 
the equipment, the access must be large enough for the 
technician's hand(s) or arm(s) and still leave an adequate view 
of what he is doing« 

Sometimes one access door and one window may be called for. 

Don't Bliwdfold 
^Technician 
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• Accesses 

MEANS OF OPENING AND CLOSING ACCESSES 

Use a few large screws instead of many small screws in access 
covers which must also serve as stress members, insofar as this 
is compatible with stress requirements. 

On hinged access doors place the hinge on the bottom or provide 
a prop so that the door will stay open without being held if 
unfastened in a normal installation. 

UseThis OrThis 

A 

1 -32SH 

NotThls 

See also "Fasteners for Covers," page 5h» 

MEANS OF ATTACHING AUXILIARY EQUIPMENT 

Connectors for auxiliary equipment should require no tools for 
their operation. If tools must be used, standard hand tools 
should suffice to operate connectors. 

Connectors for auxiliary equipment should operate in a fraction 
of a turn or witti quick snap action. 
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• T »i Points 

Test Points 

Importance of Test Points 

Strategically placed test points are indispensable to effective 
design for maintainability.    They provide the technician his 
only practical means of looking into the functioning of a system, 
except for the information obtainable from operator displays. 

Use of Test Points 
1 

Test points make signals available to the technician for checking, 
adjusting, or trouble shooting. In order to be of maximum benefit 
for any of these functions, test points must be in the proper 
functional location (tie into the circuit where the technician 
^eeds to sample signals) and physical location (be placed where 
the technician can reach them easily). They should be labeled for 
easy identification and designed for easy attachment of test 
equipment. 

The most important use of test points is in trouble shooting. 
The majority of the following recommendations pertain to this use. 

Information Available at Test Points 

Test points should make  available the signals which carry infor- 
mation through the system as well as the various power-supply 
voltages used in the equipment, Out-of-tolerance signals usually 
cause the final output of the system to be unsatisfactory. If 
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• Vest Points 

the final system output is not satisfactory, it should be possible 
to determine what portion of the system is malfunctioning by- 
tracing signals and determining at what point one of them becomes 
out of tolerance. This process of trouble shooting is virtually- 
impossible if signals are not brought to test points. 

1 

Interdependence of Maintenance Procedures and Test Point Location 

Maintenance procedures and specifications for test points should 
be prepared concurrently so that necessary compromises can be 
made between technical limitations and optimum procedures design. 
Physical location of the test points must also be considered in 
this development, since the feasibility of a certain functional 
location may be determined by the physical location which can be 
provided.  For example, it may be feasible to provide a test 
point for a given point in the circuit only if tae lead to that 
test point is no more than an inch or two in length so the signal 
is not lost in transmission. If the physical location of a test 
point meeting these requirements were such that the technician 
could not reach it, a substitute procedure and functional location 
for the test point would have to be found so that the physical 
location of the test point would be satisfactory. 

i 

FUNCTIONAL LOCATION OF TEST POINTS 

• 

The functional location of test points should be fixed by deter- 
mining from the maintenance procedures what signals must be avail- 
able to the technician and at what points they must be available. 
Test points are merely job supports for procedures - they make 
available those signals which the procedures dictate the tech- 
nician must have in order to maintain the system. Tnis means that 
test points should not be randomly placed throughout the system 
wherever it is technically convenient, but that they must be 
planned into the system. For line maintenance, for example, a 
test point should be available for each input and output of each 
line replaceable unit. 
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• Tesf Points 

PHYSICAL LOCATION OF TEST POINTS 

The physical location of test points determines their ease of use 
and the likelihood that the procedures for which they were in- 
cluded will be followed. In this way the physical location of 
test points has a marked effect on the quality of maintenance. 

Generally speaking, test points should be concentrated in one 
place. Practical limitations do not always permit this arrange- 
ment. Already developed equipment may have to be used or the 
nature of a signal may be such that it does not travel well with- 
out being altered in the process of transmission. The designer 
should keep in mind, however, that it is not mandatory that the 
technician be able to saraple the true signal as it appears in a 
circuit. All that he may need is an indication which reflects 
an out-of-tolerance condition of the true signal when one exists. 
If these indications are checked and recorded during engineering 
tests, they should be adequate for field use. This consideration 
is particulary pertinent in those cases where the wave shape of 
the signal is critical and will tend to change in transmission 
to a test point. 

■ 1 

Test points should be accessible in the particular installation. 
Internal test points should be clustered around the portion of 
the units which will be most accessible when installed. For 
example, the side of a unit containing the operator1s controls 
and displays is likely to be more accessible for maintenance 
than the side of the unit opposite the controls. 

In airborne equipment the test panel should be just 
under the skin of the aircraft, accessible 
through an access door, or should be located so 
that it can be reached conveniently from the 
crew's compartment. 

IS ££°und equipment the test panel should be about 
four to five and one-half feet above the surface on 
which the technician will stand while using the panel. 
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• Test Points 

GROUPING OF TEST POINTS 

Suggested groupings of test points for a particular type of tech- 
nician (e.g., fire control—line level) are given below, with the 
one Judged most desirable presented first, the next best second, 
and so on. These arrangements are merely samples and are not 
intended to exhaust all possible ways in which test points can be 
arranged. They are intended to help the designer evaluate the 
adequacy of his own plans for test point arrangement. 

BEST GROUPING: 

This arrangment, built in as part 
of the installation, seems best. 
It assumes that both voltages and 
wave shapes must be checked for 
trouble shooting or system checkout. 

Note: Meter and scope have 
fixed preset circuits so that 
the meter always reads center 
scale and the scope needs no 
adjustment. In-tolerance 
reading for each switch posi- 
tion is indicated on the 
switch face. 

Meter Scope 

1 

Selecl-or Swit-ch 

FIRST ALTERNATIVE GROUPING: 

If the above arrangement is not feasible because of space and/or 
weight limitations,  a portable test box similar to the built-in 
device suggested above should be used.    It should have a single 
multi-prong contact for attachment to a central  test panel. 

If too many test points are needed for a single switch in either 
of the above arrangements,   a multiple switch arrangerae it can be 
used. 
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• Test Points 

SECOND ALTERNATIVE GROUPING: 

If for some reason the auxiliary- 
equipment as illustrated by the first 
alternative cannot be provided, at 
least a test panel should be added to 
the equipment. Standard test equip- 
ment can be used by the technician 
in conjunction with this panel. 
This arrangement provides, in 
effect, a miniature block diagram 
of the system, with each block 
representing a line replaceable 
unit. 

Test Panel 

V '2* 'S V •s •6' 

*7* •e* -9* •/.• *„* •,£' 

',3* V •,s* •*• •a* •«• 

*,9» •*• •«• *M* •«• •at' 

**■• •M* 'a' •*»• •«• •»• 

In this arrangement a test point is provided for the input and 
output of each line replaceable unit to permit isolation of mal- 
functions to those units. Various overlays can be provided to 
place over the test panel. These overlays should be coordinated 
with maintenance procedures and be designed so as to direct the 
technician to those test points which he should check and the 
order in which he should check them, ^xact in-tolerance signals 
can be shown on the various overlay;-, for each test point, even 
though the signals change at various steps in the checking or 
trouble-shooting procedures. 

Test points should be coded on the panel for identification in 
the event that overlays are lost, A code key should be included 
in job instructions« 
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THIRD ALTERNATIVE GROUPING: 

• Test Points 

If a central best panel for the system 
is not feasible, ideally the test panel 
illustrated above under "Best'* should 
be used on each major component. Since 
tnis may not be practicable in many 
cases—because scopes are large, heavy, 
and expensive—the following arrangement 
is suggested. 

Mount.a center-reading meter on each 
major component for those signals 
which can be checked by meter. Provide 
a set of test jacks on each major com- 
ponent which will serve as an outlet 
for signals requiring a scope when they 
are selected by the switch.-, The selector 
switch should be similar to those sug- 
gested above. Standard Scope 

If this arrangement cannot be used, the panel of test jacks as 
described in the second alternative should be used on each major 
component. 

FOURTH ALTERNATIVE GROUPING: 

If none of the above arrangements is feasible, test points for 
line maintenance should still be provided for inputs and outputs 
on each line replaceable unit. This arrangement is by far the 
least desirable. Particular attention should be given to making 
these test points accessible, if this alternative must be used. 

All test points should be placed or guarded so that the technician 
is physically prevented from contacting high voltage while using 
them. 
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• Test Points 

LABELING OF TEST POINTS 

Each test point should be label PH «■!+>,. 
only to that particular polS!        ^ 0l ^ name attaChed 

Each test point should be labeled 
with the m-tolerance signal and 
tolerance limits which should be 
measured there. 

Each test point should be labeled 
with the designation of the unit 
whose output is available at the 
test point. 

If it is not feasible 
to present this infor- 
mation on the test 
point it should be 
included in job 
instructions and 
coded to the test 
point. 

CONNECTION TO TEST POINTS 

If maintenance procedures reouirp tha+ , + 4. 
nection to a test point ithoSL«^^!* Pr0be retain con- 
test point should SoSaif a ^L?^  " by the tech«ician, the 
the probe fron, fällig out qU1Ck-dlsconne" ^stener to prevent 
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• Test Points 

H   l 

TEST POfNTS FOR SHOP AND DEPOT 

A test point (which may be nothing more than a bare wire) should 
be supplied at the input and output for each part or throwaway 
unit. One convenient way to provide these test points is to 
mount components on one side of a board and wiring on the other 
side with electrical connection through the board. Even if the 
wiring is mounted on the same side as the parts, test leads can 
be brought through to the back of the board. An adrantage to 
having test points alone on a flat surface rather than in among 
the parts is that full identifying information for each test 
point can be stamped on the surface without being obscured by the 
parts. 

Each wire should be labeled with a unique designation. 

This makes trouble shooting using wires easier 
because they are easier to identify. Provision 
should be made for technicians to label each 
wire they replace. 

It should not be necessary to remove any assembly from a major 
component to trouble shoot to that assembly. This may require 
special test points on the major components or assemblies. 

Test equipment and/or bench mock-ups should provide access to the 
outputs and inputs of each line replaceable unit through the 
normal interconnecting plugs. It should thus be possible for 
the shop or depot technician to check out each line replaceable 
unit without special test points being mounted on the unit. 

1 
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• Test Points 

SPECIAL CONSIDERATIONS FOR TEST POINTS FOR CHECKING 
AND ADJUSTING 

Test points used in checking should be located close to controls 
and displays also used in the checking operations. 

Each test point used in adjusting at the line, shop, and depot 
levels will preferably be directly associated with only one 

!Ä^rl00fr01- The Signal availab^ at such a test point 
should indicate unambiguously when the associated control has 
been moved to the required position. It should also be located 
so the technician operating the control can read the signal 
available at the test point. 
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1 Controls 

Controls 

Importance of Control Design to Maintenance 

Controls are the means by which a maintenance technician or 
operator puts information into the equipment. Many of the con- 
trols used by technicians are the controls used by the operators 
of the equipment. Other controls will be built into the equip- 
ment strictly for maintenance. Maintenance controls include not 
only knobs and switches, but tool-operated controls such as screw- 
driver adjustments as well. 

Because the design of controls is not unique to maintainability, 
a great deal of information on this topic is available in other 
sources. Consequently, oriLy considerations judged particularly 
pertinent to maintenance are presented here,,! 

i 

When a Maintenance Control is Needed 

Special controls for maintenance must be designed into the equip- 
ment whenever the operator's controls cannot put information 
specified by maintenance procedures into the system. 

The need for maintenance controls should be determined when pro- 
cedures are first developed during design of the developmental 
model of the system.  It will then be possible to make equitahlo 
compromises among circuit design requirements, effective con^ 
design and location, and maintenance procedures design if inltia. 
procedures require building of controls in unfeasible "'ocations. 

i.    For details of control design 383 Ely,  J. H.,  Thomson,  H. M.,  «nd Orlansky,  J. 
(Reference 2) 
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• Controls 

TYPE AND SHAPE OF CONTROL 

Use hand-operated knobs in frequently used controls instead of 
a control requiring a tool to operate it, 

On-off switches:  Use toggle switch. 

Selector switches: 
Use bar-shaped pointer. 

Continuous rotation for few turns; 
Use round knob, no pointer. 
Orienting dot may be useful for 
some purposes, 
(Example: volume control) 

W'// 

\' 

volume 

Continuous rotation for many turns: 
Use round knob with crank. The 
crank should be hinged and fold 
into a recess in the Knob when 
not in use. 

o 
I, 

Momentary contact switch: Use 
a spring-loaded pushbutton. 

DIRECTION OF CONTROL MOVEMENT 

Functions regulated by controls should increase when the control 
is moved clockwise, forward, or upward. Conversely, they should 
decrease when the control is moved counterclockwise, backward, or 
downward. 
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* Controls 

M   i 

Inf "OFF^?0^ Si0Uld ^  "0N" in the UP or righthand position ana   'OFF" in the down or lefthand position. 

CONTROL SIZE 

The size of control knobs should increase as the force reauired 
to operate the control increases. required 

Make knobs for precision settings atout two inches in diameter. 

Same Jr n0nCr:LtlCal settings only »^ *>« about one inch in 

otwT i  ? C^ r0lS Sh0Uld be 0Perable by a screwdriver or 
other tool of medium size. Technicians are more likely to have 
a medium sized tool than a very large or a very smal! om! 

When vernier controls are mounted on concentric shafts, the 
larger diameter should control the fine adjustment. This giws 
maximum precision. fe.-'-ves 

LOCATION OF CONTROLS FOR MAINTENANCE 

Unrt^aving__operator'S controj:sjph^ically located on them; 

Controls for maintenance should be located on the front panel 
behxnd an access door.     ^The  operator's front panel will be 
accessible in the installation,   ensuring that the maintenance 
controls will also be accessible.) 
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• Controls 

Units without operator's controls; 

All maintenance controls should be located on one side of the unit. 
Use a side which will be accessible in the normal installation. 

All units; 

Locate all controls on the outside of the units. Ideally, all 
adjustments would be located on a single adjustment panel. 

Locate all controls where they can be seen and operated without 
disassembling or removing any part of the installation. 

For example, do not put any controls under the 
pilot's seat, or where cabling will cover 
them. 

Keep controls away from high voltage points and hot tubes. Use 
extension shafts if necessary. 

Place controls on the panel in the order in which they are to be 
used normally. This is particularly important for controls used 
in fixed procedures. 

Use This 

Assuming Order 
of use shown 
by numbers 

Not This 

■ 

■ 

This recommendation should not be followed if it will cause 
conflict with the operator's procedures. 
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If screwdriver-operated controls must be inside units, bring con- 
trols as near to the outside of the unit as practicable. Use 
extension shafts if necessary. Provide accesses and guide shafts 
surrounding the screws. 

CONTROL SCALE MARKINGS 

• Controls 

Position markings should be descriptive rather than coded. The 
markings should describe a condition, an action, or an indication. 

UteThit OfThis 
Radar 
Track .     „. 

Warm       I Manual 
up S /Track 

250 
Vdc \ 

Off__ 
\ 

Emergency 
operate 

\i5Vac 

I 

N 
,-flr- 

NotTMs 

3 

Scales on controls should be oriLy fine enough to permit the 
required accuracy in setting. In general, interpolation should 
not be required, nor should extra scale markings be included. 

UseThis 
20 

10. ■\ i   T 30 

\ 

Assuming Satting 
/ must be to 

nearest Sunitf ,3S 

_4o 

5^ > 

Not This 

SO 

,35 

=.+0 
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• Controls 

LABELING AND CODING CONTROLS FOR MAINTENANCE 

Every control should have a name and be labeled with that name. 

Not This 

on 

Use This 
Mom Power 

on 

Labels should state the function of the control. 

Use This 
Mode Selector- 

( 

V 
Not This 

Master Switch 

\ 

1    1 

Controls should be numbered in sequence of their operation when- 
ever they are used in a fixed procedure. (This number should be 
used in addition to the name labal.) 

See illustration on page 86. 
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• Controls 

CONTROL FORCE 

Controls should have smooth, even resistance to movement except 
for detents on selector switches. 

Multi-position selector switches should have sufficient spring- 
loading so that a switch cannot inadvertently be left between 
detentso 

Push buttons should not bs so heavily spring-loaded that they 
cause uncomfortable pressure against the finger. 
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• Displays 

Displays 

Importance of Display Design to Maintenance 

i. 

Displays tell the technician whether the total system and its 
j various units are operating within tolerance. If adequate 
; displays are not provided, the technician's tasks of checking, 

adjusting, and trouble shooting the system are more difficult, 

f   I Displays provided for the operator are used for maintenance as 
well as those built in only for the maintenance technician, 

j Most of the principles which apply to the design of operator dis- 
j plays also apply to the design of special maintenance displays,^ 
;| Only considerations especially pertinent to maintainability are 
| presented here. 

TYPE OF DISPLAY 

All-or-none type of displays should be used in cases where they 
will convey sufficient information. 

Use a tel-light if it will do the job, instead 
of a meter. 

Use loud auditory signals to supplement tel-lights for displays 
which are not constantly watched when it is important that 
changes in their indication be noted immediately. 

Example: Personnel on maintenance duty usually do 
not immediately notice the signal light come on 
when the high-voltage overload relay kicks out on a 
certain ground equipment« A horn or bell would 
demand immediate attention. 

1.    For dstails of display  design see Baker,   C.  A.  end (irether, W,  T.   (Peferenco  l) 
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* Displays 

Use moving pointer-fixed scale visual indicators for most 
maintenance indications. This is the best all-around type 
of indicator for checking, setting, tracking, and quanti- 
tative reading tasks. 

Where center null displays are used, circuit design 
such that if power fails the indicator wi.l.i not rest in the 
in-tolerance position- 

DISPLAY MOVEMENT 

The value of a particular function should increase as a 
pointer moves clockwise past a fixed scale or as a moving 
scale moves counterclockwise past a fixed pointer. 

LOCATION OF DISPLAYS 

Displays should be located in such a way that they can be read 
with minimum time and error in the normal course of maintenance 
activity»  Ideally, all displays should be on a single panel of 
the equipment. When practical considerations prevent this, the 
locations of displays should be determined by studying the mainte 
nance procedures and hardware configuration.  These will tell 
when a display is needed and where the technician will be at 
that time. 
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Disploys 

Units with operator's displays physically located on them; 

Locate maintenance displays behind an access door on the 
operator's panel. 

The displays should be placed on the oper- 
ator's panel because it will be accessible. 

They should be covered so as not to confuse 
the operator. 

Units without operator panel; 

Locate maintenance displays on one face of the equipment which 
will be accessible in a normal installation. 

All units; 

Locate displays so that they can be observed without disassembly 
or removal of any portions in the installation. 

Locate displays used in system check-out so that they can all be 
observed from one position. This may involve tilting displays 
located in low or high places. 

DISPLAY SCALE MARKINGS 

Minimum information: 

Display scales should contain only information needed by the 
technician to make a decision or take some action. Extra infor- 
mation clutters the picture. 

For example: A meter with a green strip 
to show the in-tolerance reading is pre- 
ferable to one on which the technician 
must read the actual value, if the exact 
value is not needed. 
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* Displciys 

To/ercmces: 

Display scales snould show the correct reading and the tolerance 
for the reading. A single cenx-er scale colored area for in- 
tolerance is öest0  If more than one reading must be obtained 
from a single display, colored areas correlated with colored 
control settings can indicate the in-tolerance ranges. Use of 
colors requires good display illumination. 

Use This 
Control Display 

(nnnrn 

WM-   ^■^■H   -WM 

Finemss of scale: 

Display scales should have only enough graduations for the 
required accuracy to be obtained without interpolstion* 

Scales which are too fine clutter the picture. 

Use This Not This 
20 20 

,0     N    !     /     so      Assume ReaU^ .o,\\^U,l'//////y ,0 
/ must be made to ^ ^ 

5^. ^35   nearest6"evicts        ^^ -^,35 

O— —40 o— =-40 

Remember, howeverj that calibration may be useful for recording 
readings from periodic checks to discover deteriorating conditions 
as well as to make a decision from a single check at a particular 
time. 
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• Displays 

Use a numerical scale only when th» + • 
quantitative information,.^the^ Itl^1™ aCtUa11^ needs 

tolerance ranges. "erwise use areas marked with 

Use This 
Not This 

actual value es 
not needed 

Un This 

■ \ 
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• Displays 

LABELING OF DISPLAYS 

Labels should tell what functional quantity the display indicates 
rather than what electrical characteristic is indicated. 

Use This Not This 

Transmitter Output 
+300V Supply 
Magnetron  Current 

Power 
Voltage 
Miliiamps 

Labels  should tell where the displays fit into the   block diagram 
of the system or unit,, 

•    x 

Use This 

NS  rote  servo  output 
Turret drive  motor voltage 
TAS  transmitter output 

Not This 

Rn 
115 V 
Rt 
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• Displays 

BRIGHTNESS OF DISPLAYS 

Internal display should be lighted ^ ^^ 

„<■ K,      
OJ-fCKea »"*' by surrounding portions 

-"b, considered »hen ^ See LcLLs 
rathe,   then the oo^onents taken IMivIdLu"!' 

' 
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• Control-Display Relationshipr 

i t: 

Control-Display Relationships 

Importance of Control-Display Relationships to Maintena nee 

The relationship between control and display can affect the speed 

of thf f •  r^' errÜrS ""^ dUring the Settin^ ^ accuracy 
of the fmal settxng. Its effect is more pronounced when tasks 
must be performed under time stress. 

RELATIVE LOCATIONS OF CONTROLS AND DISPLAYS 

Eacn display should be mounted directly above the control 
affecting it. 

Each display should be placed so it can be read with the required 
degree of accuracy by the technician operating the controls' 
arreeting the display. 

AH controls and displays used in a given procedure should be 
located on the same panel. 

CONTROL-DISPLAY RATIO 

(amount of display change for given control change) 

Fine adjustments required:  large movement of the control should 
yield small movement of display. 
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• Control-Display Relationships 

Wide range of display movement required: small movement of 
control should yield large display movement. 

Where a wide range of display movement may be required but the 
end setting must be precise: 

A crank may be provided on a round control to 
facilitate rapid turning. 

The ratio of control-display movement may be 
kept at a medium value. 

Both a coarse and a fine setting control might 
be provided for a single display. Coaxial 
mounting will probably be most convenient. 

CONTROL-DISPLAY LABELING 

Display labels and control labels should be collated so that the 
display label suggests which control(s) affect the display. 

Use This 

Control 

"Transmitter 
output  adjust" 

Display 

"Transmitter 
output" 

Not This 

Control Display 

"Power adjust"     "DB out" 

WADC TR 56-218 



• Confrol-Oisplay RelaHonships 

CONTROL-DISPLAY MOVEMENT 

Make the directiori of display movement correspond to tne 
direction of movement for its related control. 

Direction of Movement When Function Increases 

)ontrol 

Clockwise Clockwise 
Right 
Up 

Forward Clockwise 
Right 
Up 

Up Li 

G- ockwise 
Right 

Rignt Right 
Clockwise 

Display  (in  order  of preference) 

Up 
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i 
• Installation 

Installation of Prime Equipment 

mportance of Instailation fo Maintainability 

An excellent design for maintainability can be counteracted alrnoot- 
completely by a poor installation which blocks teZlcians f^ 
performing specified maintenance. ^cmucians from 

GENERAL REQUIREMENTS FOR A GOOD INSTALLATION 
FOR MAINTAINABILITY ' ■     IM 

*cces0siSl?ilal1°n
t;

0r^ntalMbllity U lai-^ • "»"«• of 
~™IZ1Z tT^T"1 eet to m '**""* r'pi^8nd 

Maintenance procedures will indicate the portions of the equipment 

install^aCCeSS f K
re(5Uired for ea°h level of maintenance!" Se 

exaSi trt^'K^6 °0Tt±hle  With these ^quirements. For 
exai^le, xf trouble-shooting checks must be made in a junction bmc 
the box must be readily accessible. On the other hand'^Lre is ' 

units that are to be worked on only in the shop. 

Design features of the equipment and maintenance procedures must 

F^r e^oL i^t^ teChniC31 liniitations of  a given insSla^n. 
*or example, if the space configuration available for install ati™ 
permits only one face of a unit to be accessible^ all c^trolf 
displays cables, check points, etc. must be on that face  close 
coordxnation is required between the equipment designer aM the 
builder of the installation facility. See Section ?»ro V V 
Design for Maintainability." ^ee bectxon 2, "Coordinating 
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<» installation 

STEPS IN PLANNING AN INSTALLATION 

1. Determine what technical limitations are imposed. 

How much space is available and in what shape? 
How must the weight be distributed? 
What will be the physical sizes and weights of the various 

equipment units? 
What are the restrictions on cable lengths? 
What access panels or doors will be available? 

2  Determine what maintenance operations the technicians will have 
to perform on any portion of the equipment while it xs installed. 

Which units will the technician need, access to? 
What sides of these units must oe accessible? 
What units need servicing, or are likely to be replaced often? 

3. Deduce from 2 above vhat the needs are for access to the 
various units of the equipment. 

U. Specify an installation compatible with technical limitations 

and needs for access. 

Decisions should be coordinated between the 
Installation builder and equipment designer. 

See Section 2. 

5. Request a change in either technical limitations or mainte- 
nance procedures if technical limitatious force an 
installation which will make maintenance difficult. 
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• Installation 

ACCESS TO UNITS 

Removal of any particular line replaceable unit should require 
opening only one access panel in the installation« 

Locate units so no other equipment has to be removed to gain 
access to them. When it is necessary to place a unit behind 
other equipment« 

The unit requiring less frequent access should 
be in the back. 

Units maintained by the same technician should 
be placed one behind the other because con- 
siderable time may be wasted in getting a 
different technician to remove an obstructing 
unit. There have been instances, for example, 
where electronics personnel have had to request 
armament personnel and engine mechanics to 
remove obstructing equipment. 

1 

Units should not be placed in recesses, or behind or under 
stress members, floor boards, operators' seats, hoses, pipes, 
or other items which are difficult to remove unless this serves 
some functional purpose such as protecting the unit or is 
necessary for some other reason. 
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* Installation 

Hinge mounted units for wnich the line technician must have 
access to the back should be free to open their full distance 
and remain open without being held. 

Use This 

Back of 
Unit 

Hinge—• 
Hirye 

Back of 
Unit 

Back of 
Unit 

0»-This 

1 

Bulkheads, brackets, other units, etc., should not interfere with 
removal of covers of units within which work must be done at the 
line level„ 

Us« This 
OveHiead 

I     /   OM   h 

ISäfeai'''iiil'l!"l'!a'*-r-ig M / 

i      r 

Not This 
0vei4iead 
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• Installation 

Check points, adjustment point-* OPM- A 

should face the techMcian^ They shoS  tTe^0r8' and labe^ 
umts, ineS  should not be hidden by other 

Us« This NofThis 

Removal of units through the front of ^ 
likely to be easier than removS f Jf tu*  °perator,s panel is 
space is usually available arSefrontÜ6    ' beCaUSe m0re 

Locate major units «sn +vi + TJ 

Use This 
Not This 

WADC TR 56-218 
IOI4 



♦ Instgllafion 

HEIGHT, SPACE, WEIGHT CONSIDERATIONS 

Work space requirements:    See  "Phv^^i  m 
Personnel" in Section 2, page lo. ^ Dlmensions of Mainten. iance 

i-sf (SX^r*^can iift io0 —= shape)  if itTo „i !    f convenient si3e and 

eveHs1 o^ Si to6 he^ot" ^ ^^ that 

- distances of 2\ SoL^^ ^1°^^ 

Uf«Thif 
Mot Thi» 
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• Installation 

The position required of the maintenance technician while working 
on each unit should be studied and the installation designed 
accordingly. 

What may look like good accessibility from 
casual observation may require the technician 
to hold an extremely awkward position. 

UseThis-^if you can, butEvenThf«^ »s better -riian This«* 
 i.'lIIHIIMWMMW» »»»■■■ \        1 " \ " 

• 

The best heights (in feet from the floor) for straight work on 
components for various positions of the technician are suggested 
below,-'- 

Position Approximate heights 
of controls, etc. 

Technician standing on 
the floor 3-5 feet 

Technician kneeling on 
the floor 2-U feet 

Technician sitting on 
the floor 1-3 feet 

1.    Based on a few informej.  measurenients tiy  the authors. 
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PROVISIONS FOR REPLACING UNITS 

• Installation 

Units should be removable from the installation along a straight 
or moderately curved line rather than through an angle. 

Use This NotTMs 

Line replaceable units should be independently mounted to the 
housing rather than being attached to each other so it is 
necessary to move only the unit to be replaced. 

Previsions should be made for support of units while they are 
being removed or installed. 

Handles and grips should be positioned so they can be held 
comfortably while the unit is being removed or replaced. Handles 
and grips should not be in a position where they are likely 
to catch on other units, wiring, or structural members. 

Us« This NotThii 

Note:     Heavy units should have   recessed handles near the 
back to facilitate handling. 
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Installation 

Units should be laid out so technicians are required to dö a 
minimum of moving from position to position during system 
checking in the installation. 

UseThis Not This 

NOTE: Numbers indicate pi»eflight steps; L&iters 
i^clU'-ate positions of mechanics 

Equipment should be installed so that conplete preflight can be 
made without using special stands or ladders. 

Junction boxes should be very accessible if line trouble-shooting 
procedures require their use as test points. If other test 
points are available, however, the junction boxes may be 
relatively inaccessible since they usually require very little 
maintenance. 

Units which require frequent visual inspections, e.g., 
desiccators, should be installed in positions where they can be 
seen easily without removing panels, covers, or especially 
other units. 
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* Installntion 

Locate junction boxes and terminal strips so that they provide 

LralZ   S0UrCe 0f CheCk POintS While the eq-P-nx'is in operation. 

These items may permit considerable checking 
without having to disconnect any components 
of the prxme equipment or interfering with 
its functioning. Use of junction boxes and 
terminal strips for check points requires 
that each check point be accessible to test 
equipment leads and clearly labeled. It also 
requires that maintenance instructions and 
diagrams indicate the location (functional 
and physical) and use of these points. 

i 

OTHER CONSIDERATIONS 

Provision should be made for easy passage of replacement cables 
with their attached connectors through walls, bulkheads, etc. 

There have been instances in which it has been 
necessary to unsolder 20 or more pins to remove 
a connector in order to pass the cable through 
an opening. In other cases, holes have had to 
be enlarged or new ones drilled. 

Units should be located in positions where oil, other fluids or 
dxrt is not likely to drop on them or on the technician d^L 
maintenance« * 

Power cables should not be routed through switches which personnel 
m remote locations are likely to switch off or on inadvertently 
wmle the equipment is being checked. 
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* Test Equipment 

Test Equipment 

Selected recommendations on designing test equipment for optimal 
operation are presented in this segment. Design of test equip- 
ment for maintainability follows the same principles as designing 
prime equipment for maintainability. 

i More detailed recommendations on human engineering of test equip- 
ment can be found in Speotor, P., Swain, A. D., and Meister, D. 

> ; Human Factors in the Design of Electronics Test Equipment. RADC 
Technical Report S5-Q3,  April 1955 (Reference 7). 

DEFINITIONS 

Built-in test equipment: is an integral part of the prime 
equipment. It may be a complex automatic checker 
or a simple voltmeter with external leads. 

Go, no-go test equipment: provides only one of two alternative 
answers to any question. It tells only whether 
a given signal is in or out of tolerance. 

Automatic test equipment: checks two or more signals in 
sequence without the intervention of a tech- 
nician.  The test usually stops when the 
first out-of-tolerance signal is detected. 

Collating test equipment: presents the results of two or more 
checks as a single display, for example, a light 
may come on only if a number of different signals 
are in tolerance. 
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• Test Equipment 

GENERAL CONSIDERATIONS 

Simplifying the Job of the prime equipment technician by pro- 
viding built-in, automatic, go, no-go, collating test equipment 
will not necessarily reduce the over-all maintenance load/ How- 
ever, elaborate test equipment can reduce preparation time or 
turn-around time of prime equipment, as with missiles and inter- 
ceptor aircraft. In effect, the maintenance load is shifted back 
one stage from the prime equipment. Problems in maintaining 
complex test equipment can offset their advantages in maintaining 
prime equipment. ^ 

Built-in, go, no-go, automatic, and collation features are all 
virtually independent of each other. Thus, a given test equip- 
ment may have all, none, or some of these features in any combi- 
nation.  Also, a given test equipment may be partially built-in. 
partially go, no-go, etc. 

In general, it is recommended that built-in, go, no-go, automatic, 
and collation features be used. However, for each system the 
relative importance of the advantages and disadvantages of each 
feature must be judged in view of the demands that will be placed 
upon the equipment and maintenance personnel in the field. 

Built-in test equipment: 

Advantages 

Less likely than portable test 
equipment to be lost or damfged. 

Available when needed. 

No special storage facilities 
are reouired. 

Disadvantages 

Likely to add to the weight 
and space requirements of 
the prime equipment; a very 
strong disadvantage in air- 
borne equipment. 

More built-in test equip- 
ment nay be required 
because a separate item is 
usually required for each 
prime equipment. 
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• Test Equipment 

Transportation to the prime 
equipment for use in mainte- 
nance is not required. 

Transportation of built-in 
test equipments to a point 
for convenient calibration 
may be more difficult than 
transportation of portable 
test equipment. 

Permanent installation of 
the test equipment may- 
increase the complexity of 
wiring for the system and 
may even increase the amount 
of required maintenance for 
the prime equipment. 

t 

Go, no-go test equipment: 

Advantages 

Presents information that 
is clear and unambiguous. 

Usually easy to read. 

Can simplify difficult tasks 
such as balancing circuits or 
checking complex waveshapes. 

Disadvantages 

Unique circuitry usually re- 
quired for each signal value 
to be tested. Sometimes, 
however, ordinary displays 
can be converted to go, no- 
go by appropriate use of 
reference scales such as a 
colored section on a meter 
dial. 

The increase in the number 
and complexity of circuits 
usually required adds to 
initial cost and development 
time; it is also likely to 
increase the rate of test 
equipment breakdown. 
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• Test Equipment 

Except in long, fast check 
sequences, go, no-go equip- 
ment is of relatively little 
he]p to the technician in 
checking common voltages 
or simple waveshapes. 

Likely to require modifi- 
cation when prime equipment 
is modified, A special 
model may be required for 
each model of prime equipment. 

Automatic test equipment: 

Advantages 

Can make a rapid sequence of 
checks with little or no 
chance of omitting any steps. 

Disadvantages 

Cost, size, weight, and 
maintenance requirements are 
relatively nigh. 

This type of equipment is 
relatively specialized, 
with little versatility. 

Must almost necessarily have 
self-checking features to ■ 
detect test equipment mal- 
functioning. This adds to 
cost and to problems of 
maintaining the test 
equipment. 

More likely to require 
modification when prime 
equipment is modified, A 
special model may be required 
for each model of prime 
equipment. 
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• Tesf Equipment 

Collating test equipment: 

Advantages 

Reduces the number of displays 
the technician must read, 
thereby reducing check time 
and probably reducing errors. 

Disadvantages 

Similar to those for go, 
no-go and automatic test 
equipments. 

Collating test equipment should indicate not only that all signals 
are or are not in tolerancej it should also provide an indication 
of which signal, if any, is out of tolerance. If only the 
collated display is presented, the equipment will not be an axd 

to trouble shooting. 

DIFFICULTY OF USE 

Assess the difficulty of operating a proposed test set early in 
its development (certainly not later than building of a non- 
functional mock-ip) by having typical personnel "walk through" 

the operating procedures. 

Indications of too-difficult operation are-. 

Personnel who are reasonably proficient at 
operating other test equipments have to 
acquire extensive new skills in order to 
operate the tester being developed. 

Personnel make errors in operating the 
tester even when following written 
instructions. 

To simplify use of test equipment: 

Minimize the number of controls and displays. 
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* Tesf Equipment 

Reduce the number and complexity of steps 
required for operation. This can be done by 
"ganging" certain setup controls and/or making 
certain sequences of operations automatic. 

Clarify instructions, 
guide. 

See Section 5 of this 

CONTROLS AND DISPLAYS FOR TEST EQUIPMENT 

Exact indications should be presented on test equipment displays, 
ratner than requiring multiplication or other ti'ansformation of 
display values. 

If transformation of display values is required, 
a conversion table should be provided on the 
test equipment. 

If it is not feasible to provide a conversion 
table, each transformation factor should be 
indicated beside each switch position or dis- 
play scale requiring the use of that factor. 

Use decimal transformation factors to simplify 
arithmetic requirements. 

Only the scale being used at a given time should be in the 
technician's view. 

This eliminates the possibility of reading the 
wrong scale. Whenever more than one scale must 
be in the technician's view, they should be clearly 
differentiated from each other by labeling and 
color coding to their respective control 
positions. 
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• Test Equipment 

Provide devices such as warning lights, power switches which close 
automatically wften the test equipment lid is closed, and wrUten 
warnings which ensure that test equipment will be turned off 
when testing is completed. 

Design all controls and displays in accordance with recommendations 
under "Controls," "Displays," and "Control-Display Relationships" 
on pages 83 to 99 and in suggested references. 

Provide selector switches on test equipments instead of requiring 
plug-m connection. Selector switches require less time to 
select the proper function and eliminate the possibility of 
leads falling out of the receptacle. 

UseThi is Not This 

PROVISIONS FOR STORAGE AND HANDLING 

Portable test equipment should be rectangular in shape for 
convenient storage. 

Handles on the outside case of portable test equipment- should be 
recessed or hinged so they do not take up excessive storage space. 
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• Tes> Equipment 

Provision should be made for setting test equipment down while 
it is being used. Even light equipments may be cumbersome to 
hold while checks are being made. 

Use This 

® ®® 

NotTWs 

PROVISIONS FOR TEST LEADS AND ADAPTERS 

Provide adequate storage space in the lid or cover of test 
equipment for storage of removable items such as leads and 
adaptors.  Indicate the proper locations for the various items 
that go into the storage space. 

Provide fasteners or holders in storage compartments for 
accessories to prevent damage to the test equipment or 
accessories,, 

Test leads should require no more than a fraction of a turn for 
attachment to prime equipment receptacles, unless attachment is 
permanent. 
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• Test Equipment 

Whenever adaptors must be used, they should be a part of the test 
equipment removable items. This prevents their loss, reduces 
probability of their being damaged, and saves time in setting up 
the test equipment. 

OTHER CHARACTERISTICS 

Windows for test equipment dials should be as break and scratch 
resistant as possible, 

A signal showing when the test equipment is wanned up should be 
provided. If it is not feasible to present such a signal, the \ *   i 
warm-up time required should be clearly indicated near the 
warm-up switch, 

■ 

A simple check should be provided to indicate when the test 
equipment is out of calibration or is otherwise malfunctioning. 1 
There should be a simple way to put the test equipment into 
calibration. 

The outer case and all removable parts (e.g., adaptors, leads) 
of test equipment should be clearly labeled with their official 
Air Force nomenclature. lorpose of the tester and special 
cautions in its use snould also be indicated. 

Every item which the technician must recognize, read, or manipu- 
late (dials, knobs, switches, lights, etc.) should be labeled. 

Provide devices such as circuit breakers and fuses which will 
safeguard against damage if the wrong switch or jack position 
is used. 
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• Test Equipment 

Instructions for using a test equipment should be stored in its 
lid or in c special compartment in the tester to ensure that 
the instructions are always available. A checklist for operating 
the test equipment might be printed on a metal plate arid attached 
to the equipment. 
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• Bench Mosk-Ups 

Bench Mock-Ups 

USE OF BENCH MOCK-UPS 

The term bench mock-up is used here to mean a prime equipment 
set up in a maintenancs shop or depot to check and/or trouble 
shoot units brought in from the line. A mock-up may consist of 
an entire system or only a portion of a system. Either type 
may be provided with signal generators and dummy loads to 
simulate inputs from and outputs to the physical environment 

(e.g., radar waves). 

Mock-ups are used in trouble shooting by replacing a unit of 
the mock-up with a unit suspected of containing a malfunction. 
The remaining portions of the mock-up are then used to feed 
signals into and receive signals from the suspected component. 
If a malfunction symptom appears when the suspected unit is 
installed, but not when the regular mock-up unit is installed, 
it is concluded that the suspected unit is malfunctioning. 

C7ENERAL CONSIDERATIONS IN DESIGN OF MOCK-UPS 

Bench mock-ups should be factory built. They should be designed 
as if they were an item of test equipment, to expedite shop and 
depot maintenance procedures. Mock-ups are constructed 
essentially from production units of the prime equipment. Signal 
generators, dummy loads, extra junction boxes, or special cabling, 
terminal strips, test points, oases, controls, or displays may 
be required, however, for the mock-up to be maximally useful for 
maintenance. If technieians must construct their own mock-ups 
in the field from, spare prime equipment units and spare bits and 
pieces locally available, they may have difficulty in providing 

these desirable features. 
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• Bench Mock-Ups 

The_equipment designer will probably be in the best position 
to integrate the mock-up into total maintenance of the prime 
equipment. For example, he may be able to provide more specific 
written maintenance instructions if exact design of the mock-up 
is known. ^ 

CABLING OF BENCH MOCK-UPS 

Extension cables should be provided for subunits so they can 
be removed from the larger units for functional checking. 

UseThis NofrThis 

End connectors on all mock-up cables should require only a strong 
push or a pull to connect or disconnect them. 

Mock-up cables need not withstand strong vibration 
or shocko Because of the way in which mock-ups 
are used, however, they do need to be connected 
and disconnected frequently. 

Provide extra heavy coverings on mock-up cables (for example, 
vinyl tubing) to protect tnem from wear resulting from frequent 
connection and disconnection,, 
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Bench Mock-Ups 

Mock-up cablesj including extension cables for subunits, 
should provide a test point to check the signal flow through 
each wire. 

Usually this can be done effectively at the 
connector pins. In some cases it may be more 
convenient to provide certain of the test 
points on junction boxes or terminal strips^ 
Each test point should be clearly labeled. 
Job instructions for the mock-up man should 
give correct signal values and tolerances 
for each test point. 

i . 

UseThis 

Test Points 

NotThis 

NoTest Po'mh 

When an assembled mock-up is not provided, supply a set of cables 
for interconnecting the equipment units to aid field personnel in 
setting up the mock-up. 
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• Bench Mock-Ups 

COVERS AND CASES FOR MOCK-UPS 

V     > 

Mock-up units containing parts whose operation mav be checked 
visually should have transparent plastic covers rather tnan 
metal covers if electrical shielding is not necessary. 

UseThis NotThis 

racking oases for mock-ups and maintenance test benches should 
be of a permanent type, preferably of light weight metal. Thev 
should serve as a bench for the enclosed equipment when unpacked. 

Necessary hardware such as handles, hoisting lugs, cast.rs or 
runners, and handling gear should be a permanent part of the cases, 

These cases must meet physical requirements for transportability 
as specified for the system. 

Design of mock-up cases should permit rapid packing and anpackiM 
cl mock-ups for mobility under combat conditions. 

See also "Covers and Cases for Equipment Units," page 53. 
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• Bench Mock-Ups 

LAYOUT OF MOCK-UPS 

Mock-up units should be stacked in a configuration which makes 
every unit accessible without removing any other unit. 

Layout of mock-ups should provide adequate space for use of test 
equipment, including space for setting test equipment down while 
it is being used. 
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• Toois 

Tool« 

Tool requirements are directly derivable from consideration of 
necessary maintenance operations and the design characteristics 
of the equipment involved.  Tools must be specified and/or 
designed as an integral part of designing for maintainability. 

Neglecting consideration of tool requirements until equipment 
design and procedures are final is likely to result in a need for 
many special tools or an unnecessarily wide variety of standard 
tools, 

Each equipment system should be accompanied by a comprehensive 
list of tools needed for all maintenance tasks.  All tools on 
this list should be tried out during developmental testing of the 
system to uncover duplications and omissions, and to discover 
equipment design features that require more tools than necessary. 
One small unit seen in the field had slotted screws, alien-head 
screws, and hex-head screws on the front panel alone. 

Requirements for special tools should be kept to a minimum. 

The variety of tools required should be minimized. 

Metal handles should be avoided on tools that are likely to be 
used in extreme cold. 

Special holders should be provided in the shops for units which 
may be damaged if they are set down on their tops cr sides. 

UM?This OrThis 
■ 

. 
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Tools 

A Special guide tool which attaches to the access shornH K 

Example: Maintenance technicians frequently 

Irons t. ^ ^ iSSUed 0nly la^e soldering irons to work on wires which are in close prox- 
imity to other wires or parts. This results in 
considerable difficulty on tasks which ^ Te 
easy xf small soldering irons or soldering guns 
were available. «"«-wig guns 

Example: Maintenance technicians in one shop 
were issued a spanner with a solid shaft. This 
spanner could not be used for its intended pur! 
pose of removing clutches from motors because 

TjnT™      f!8 Prevented ^  Wer from 
intL hn^   ^ S0 the Pins Could **  i^ted 
ffJJ + J f in the clutch^. In this case, 
field technicians fabricated a spanner with a 
slotted shaft to do the job. 

iTrfl'rLZ  deSign t00lS that are -^tible with the Job to b, 

SSe; setVÄ^rone 6quipment ™* 
round handle to remove bSts  " SC

h
rewdri'^-type 

tight and sometimeTsng^ ^eV^efS?^^ 
had great difficulty removing^hese  Jts^f^8118 

not much tornue could  h«        ^ ^nese   bolts*because 
using this ty^e of ändle    'ff ^ ^ bolts 

have been provided. eVer handle sho^ 

Prior examination of the tmair *.«     • 
uncovered this discrepancj        reqUlreroentS Would P-obably have 
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Tools 

Screwdrivers should have clips  to hold free screws wnich cannot 
easily be held with the fingers. 

MotThis 

A given tool should be designed for as many different uses as 
Possible but only insofar as this is compatible with the tasks 
lor which it Is Intended, 

Example:    One adjustable wrencn may serve the 
function of a large number of fixed-sized 
wrenches.  However, an adjustable wrench may 
not be as satisfactory as a fixed-sized 
wrench for removing bolts in restricted space. 

Tools which must be used near high voltages should be adequately 
insulated at tue handles and other parts of the tool which the 
technician is likely to touch. 

Magnetic tools should be avoided if they will interfere with the 
operation of delicate circuits. 

Screwdrivers for small-sized adjustment screws should be provided 
with a funnel-like shield wnich will aid placement of the screw- 
driver on tne ad.'.istment point and prevent it from slipping off 

UseThis 
w 

NcrtThis 

I 
~ 
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• Tools 

harmful. orce on the equipment will not be 

UseThis Not This 

I 

nr^ix'r^ir^trira dui1 "^ -—- 
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section 5 

Recommended Characteristics 
for 

Maintenance Procedures 
And Job Instructions 
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OVERVIEW 

This section is divided into two major subsections. The first 
deals with the design of maintenance procedures, and the second 
with means of presenting these procedures and maintenance 
diagrams. 

Many of the ideas presented in this section have not yet been 
verified through application to the design of weapon systems. 
Also, many of the recommendations in this section are con- 
tingent upon the design characteristics of the equipment to 
which the procedures would be applied. Consequently, it has not 
been considered desirable to make this section as prescriptive 
as the previous sections, particulary Section k.    Rather, many 
of the ideas in Section 5 are presented as ideas to be considered 
and tried out by the designer in those cases where they may be 
applicable. In effect, this section presents tentative, but 
concrete recommendations for preparing some of the procedures 
called for in the Design Schedule for Maintainability in Section 
3, and for presenting them to the technician in maximally 
usable form. « 

i 
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• Preparing Procedures 

i 

Considerations in Preparing Procedures 

Importance of Good Maintenance Procedures 

Maintenance procedures specify the activities of the technician 
and therefore indirectly determine what maintainability features 
must be built into the prime equipment and what maintenance 

supports are needed« 

Poorly designed procedures can offset the benefits of otherwise 
good design for maintainability. Delaying preparation of pro- 
cedures until after the equipment is designed is likely to yield 
poor maintainability. 

Procedures Needed for Maintenance 

Every maintenance operation should be specified in procedures, 
Thf=.-e procedures should be prepared during system development 
according to the schedule contained in Section 3. 

Procedures ire  required for each task in: 

Line maintenance 
Shop maintenance 
Depot maintenance 
Periodic maintenance - 

for 

Inspecting 
Checking 
Trouble shooting 
Adjusting 
Replacing 
Repairing 

■ Servicing 
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• Preparing Procedures 

Recoitimendations for the dp<?iD-n «^ *,n  * ^ wx    xui.   one aesign 01  all types of orocedurps ar-a 
presented under "General Considerations"  below.    SpecSc 

p"^0^        ^ f0r ^ deSign 0f Checki^ -d trouble-shooting 
InTrtZllJkr^^ the f0ll0Wing -Ction'  "ConsideraSons 
fLi^^K      g ?hecklng and Trouble-Shooting Procedures," because 

Se in0thn^irS
+
haVe/UggeSted that these -inteSnce fSons are in the greatest need of improvement. 

General Considerations 

\  ' Keep procedures as brief as possible, particularly for 
the line level. 

Remember that new technicians 
may require procedures more detailed 

than would be required by highly tr^ned and silled teSnici^ 

Keep the number and complexity of decisions required of the 
tecnmcian to a minimum. *ea 01 tne 

a^LV^uTpme^sf ^^ P0SSible ^ ^ ^Uty  of tools 

^ ^K,3611!5 0f StepS in a Procedure as invariant as is 
compatible with efficiency. 

Specify for each procedure the condition the equipment should be 

W^'H 
Pr

+
0Per +

COntr01 settings) Pri°r  to beginning the procedure 
Specify how to set up equipment for the procedure and how toshT 
down equipment after the procedure. 

Provide procedures which do not require working near dangerous 
voltages or unprotected delicate components. 

Provide servicing procedures which, insofar as possible, can be per- 
formed through accesses rather than requiring dismantling of  squ^pLnt. 
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Preparing Procedures 

Considerstions in Preparing Checking 
and Trouble-Shooting Procedures1 

Need for Systematic Trouble-Shooting Procedures2 

It is especially important that systematic trouble-shooting pro- 
cedures be provided. Technicians will frequently use inefficient 
or even dangerous practices if efficient procedures are not 
provided. 

Overview of Systematic Trouble Shooting 

Systematic trouble shooting should proceed in the following three 
phases: 

1. Routine check of system to identify or 
verify malfunction symptoms. 

2. Analysis of symptom pattern to narrow the 
area of malfunction. 

3. Special checks to isolate the malfunction to 
a replaceable or repairable unit. 

1. An example of an integrated groirp of checking and trouMo-shooting aids   is 
presented en pp. 148 to 156 . 

2. A full discussion of systematic  trouble  shooting is presented in:     Miller,  B. 3., 
Folley, J. D., Jr.,  and Smith.  P. E.    (Heference 4) 

A portion of the nbove report   is reproduced as:    Miller,  B. B.,  F-;lley,  J.  D.,  Jr. 
snd Smith,  P. R.     (Heference 5) 
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• Preparing Procedures 

ROUT.NE CHECKS 

Routine checks are those which are regularly used to determine 
if an equipment or a prescribed portion of an equipment is 
operating properly or is malfunctioning. They may be differ- 
entiated from special checks which are used only for trouble 
shooting to determine which component within the equipment is 
malfunctioning. 

Trouble shooting will usually begin with a routine check. It 
will tell the technician that a malfunction is present within 
the system and will provide information as to where within the 
system the malfunction is located. This information is in the 
form of a pattern of malfunction symptoms. Analysis of these 
symptoms may eliminate the need for certain special checks. 

ANALYSIS OF SYMPTOM PATTERNS 

One way to help the technician analyze symptom patterns is to 
provide him with special diagrams which indicate which components 
affect each system output for each step of the routine check pro- 
cedure. Which components have come into or gone out of operation 
since the previous step should be indicated. The technician can 
use these diagrams to "figure out" wrich components could be 
causing a certain pattern of symptoms. 

It is probably more useful, however, to provide a diagram for 
each symptom pattern showing the data flow among possible mal- 
functioning components. If such diagrams cannot be provided, a 
list of possible malfunctioning components and special checks 
which should be made for each symptom pattern is also useful 

Where the number of different symptoms which may be observed from 
a particular routine check is n, the number of possible patterns 
is 2n-l.   Thus, even where the number of different symptoms 
observable from a routine check is relatively small, the number 
of patterns may be too large to provide analyses for all of them. 
For example, 10 different symptoms can yield 1023 patterns, 
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• Preparing Procedures 

There are two major ways of reducing the number of different 
patterns which must be analyzed. Both involve working with 
groups of symptoms and both will not, usually, make full use 
of the information available from the routine check. 

The first way is to combine a number of individual symptoms 
into a single group symptom. The group symptom is considered 
to have occurred if any of the individual symptoms in the group 
occurs. A diagram is then prepared for each pattern of group 
symptoms showing the data flow among all of the components in 
which a malfunction could cause the observed pattern of group 
symptoms.    No information available from the routine check is 
lost by this method when the same components could cause all 
of the individua] symptoms in a particular group. 

The second way to reduce the number of symptom patterns is to 
divide the individual symptoms into groups and then prepare 
a diagram only for each withirt-group symptom pattern. Thus, 
if nine symptoms were divided into three equal groups, the 
designer would prepare 23 + 2^ + 2^ - 3 or 21 different 
diagrams instead of the 2? or $11  diagrams for all possible 
patterns for individual symptoms. No information available 
from the routine check is lost by this method when no coitponent 
could cause symptoms in more than one group. An example of 
this method is shown on page lb'3. 

SPECIAL CHECKS 

Provide the technician with aid in choosing the best sequence 
of special checks to use after the symptom pattern has been 
analyzed. 
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• Preparing Procedures 

The sequence of checks should usually be flexible, with the exact 
sequence depending upon where malfunction symptoms are observed. 

Exception: An inflexible order of checks can 
be specified where the time required for a 
particular sequence is likely to be small. 
This is usually the case only in trouble shooting 
to parts after a malfunction has been isolated 
to a particular stage of equipment. 

Prescribe a sequence of checks such that the malfunction is 
first isolated to a single series chain. 

The best check to make first in isolating the trouble to a 
particular chain is at the terminal output of the chain where 
the probability of observing the malfunction in that check, 
divided by the time required to make the check is a maximum.1 

Once a malfunction has been isolated to a single chain,, the best 
order is to check at the point in the chain where the pro- 
bability of observing a malfunction is closest to one half,2 The 
order is affected, however, by the time required to make the 
various checks. It may be desirable to make the least time- 
consuming checks first even though they may not adhere to the 
principle of one-half probability as given above. It may also 
be desirable to delay checks of components in feedback loops 
if the time required to break the loop for checking is appreciable. 

1.    Three considerations are relevant here: 
a'    final^t^t0^111" IBay haTe * nuHib"r of branch8s contributing to its 

^ 'XL^Ü011^ °l the r1*»0*^ "«^8 in a given chain may be determined 
from data on the frequencv of malfunctions, or may be based simply won the 
number of components in the chain. ""f-y upon ine 

c.    The time required to perform certain checks may have to be estimated. 

3.    For a detailed rationale and mathematical proof    see- 
Miller,  H. B..  Folley,  J. D.,  Jr..  and SmiCh. V. H.  ' (Heferenoe 5) 
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• Preparing Procedures 

Provide the technician with appropriate data flow diagrams and 
a table for each syiirptom pattern giving the most efficient 
sequence of checks. 

The table shown below provides for a flexible order of checks 
which depends upon whether or not an out-of-tolerance indi- 
cation is obtained at each point, "A" represents the first 
check that should be made if a given symptom pattern is observod. 
"B" and "C" are alternative checks following and so on. 

Flexible Check Sequence Table 

Choose the next alternative to the left following an out-of- 
tolerance indication,  and the one to the right following an 
in-tolerance indication. 

Out-of-tolerance -*■ ■♦- In-tolerance 

A 

B C 

D _.__..      E  F G 
H I J K L M N 0 

etc.               »to« etc. etc. 
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• Presenkifion of Informafion 

Recommended Characteristics for Presentation 
of Job Instructions and Information 

IMPORTANCE OF GOOD PRESENTATION 

Instructions and information which arp h«^ + ^ -,-, 
widely used in the field  Poor ™>! +^     f0ll0W wil1 not be 
chances of error in berLJnf pre^ntflons ^so increase the 
presentations QL offset ÄfS'f^f 0perations- ^effective 
maintainability! CtS 0f otherwise good design for 

K.NDS OF PRESENTAT,ON MOST SU.TABLE FOR VAR.OUS PURPOSES 

Purpose 

Describing procedures in 
detail 

Describing procedures for 
experienced technicians 

Presenting physical features 

Presenting large amounts 
of data 

Describing processes or 
interrelationships 

Kind of Presentation 

Step-by-step instructions 

Checklists 

Drawings and Photographs 

Tables and Charts 

Diagrams 

the steP-by-step nature oTPrtceLrlf ^1      ^  t0 0bSCUre 

where  other formats require few. ' requires many words 
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• P'eserttofion of Informafion 

i l 

CONTENT OF JOB INSTRUCTIONS 

lZl7T;i0nS +
Sh0Uld COntain 0nLy job-relevant Infomation      Hand 

infSJt-^^T06 lnBtructi°^ ^ve frequently SSd tot 
Information which was  of very lifted help to the teSScian^f 
doing nis job. ^ec:inician m 

Instructions must  be prepared specifically for each level of 
maintenance rather than the Instructions for alllevÜrbeiL 
combined into a single set, -^veis  oelng 

Nomenclature used on the equipment should be used on iob 

S rly
Ctc^:ic

In^e
aSeS W*T labelS ^ the ^P-Vat parti- 

(Master Power Switch). ' "^     For exa^iej    ?WR SW 

S IT^TI?^ LTpL-^ -^^ —  —eristics 

sr^ rdf f ■ tr rx^jT10^/1^iJ :ä—• 
point is  lost. •' e 0f the Procedure and the   test 

Job instructions should be fullv indPx^H       TH^  A   A u    . , 
words  the  technician is likely to lookl^ in 1 n    ^       0Uld COntain 

Item in the instructions. locating a particular 

Stock numbers needed for ordering ^eplacemant  --rr-^-     4 
presented with all parts lista. epiaC8ment ^nponents should  be 

It has sometimes been the practice to list nofflenclatui-s ^nd 
manuracturers.  parts numbers but not to list Air^rcestock 
numbers.     This  has  meant that technicians wasted 1^  referring 
to a separate parts list if  one was available.    If  tLre was 
no such parts list,   considerable difficulty was experi.ncld in 
ordering replacement components. ^-e. lenced ±n 
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9 Presentation of information 

All information in the instructions should be accurate. This 
seems almost too obvious to mention. Yet, technicians have 
reported that technical orders have contained numerous errors. 
This suggests that careful editing is required by persons 
familiar with design of the equipment. Even a single error in 
job instructions may cause considerable wasted maintenance time 
and may even result in malfunctioning equipment being passed as 
operating in tolerance« 

PHYSICAL CHARACTERISTICS 

Job instructions and diagrams which will be used continually will 
last longer if they are enclosed in plastic. This also permits • t 
the tecnnician to make notes and erase what he has written after 
completion of the task, without damage to the materials. 

Fold-out pages in manuals should be: 

1. Kept to a minimum. 

2. Placed at the rear of manuals. 

3. Readable with the manual opened to another 
place (by leaving blank the part of the sheet 
that is covered by other pages). 

Line maintenance manuals should: 

1. Have maximum dimensions of 5 1/2 x 8 1/2 inches 
and be no more than 1 1/2 inches thick so they 
will fit xnto a technician's coverall pocket, 

2. Be bound so that they will lie flat when opened, 

3. Contain simple, straight type that has good 
readability under poor light. 
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• Presentation of Information 

Printing of diagrams inside the covers of units is desirable if 
few modifications are anticipated. When modifications are made, 
correction sheets must be supplied to be pasted over the printed 
diagrams. 

Attaching job instructions to auxiliary equipment is sometimes 
desirable. For example, a test set used only for aligning a 
particular computer could have a roll chart on the front panel 
which gives specific, instructions for making the alignment. 

When roll charts are used for presenting procedures, three steps 
of the procedure should be visible through the viewing window at 
one time. This is particularly important when warnings may be 
included in various steps. The middle step should be emphasized 
oy lines painted on the viewing window. 

REVISION AND AVAILABILITY 

Job instructions should be kept current with modifications of the 
equipment. This is especially important when power voltages and/or 
signal characteristics change from one model to the next. 

Whenever new models of an equipment are introduced into the field 
old job instructions should not be rescinded until all old models' 
are withdrawn from use. 

There should be some clear way to identify for which model of an 
equipment a particular set of job instructions is appropriate. 

Job instructions should be available when technician- are first 
assigned to maintain a particular equipment. Technicians have 
reported delays of up to two years between the time they were 
assigned to maintain an equipment and the time job instructions 
became available. Effectiveness of maintenance activities is 
quite limited when job instructions are not available. 
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Presentation of Informotie 

STEP-BY-STEP JOB INSTRUCTIONS 

This type of job instruction is well suited to maintenance tasks 

bi rf^HH iS-Sf UP f0r a setluence of 8tepS.    Each procedure can- 
rltr f i ? SerieS 0f StepS and each steP broken into a numoer of elements. 

A format similar to the one in the following sa-le is strongly 
recommended for the presentation of procedural job instructions. 

Step No. .   Component Action indication Remarks 

2.1 Antenna Assy. Mount azimuth 
and elevation 
protractors 

See Drawing 
P 

2.2 Set controls on 
on pilot's 
control box: 

Set to: Antenna 
travel on 
protractors 

Operation Sw, Auto-Search 
is: 

Antenna-Az. Sw. Center-Narrow 
Az: ±23 1/2° Adjust with 

Pot. P2371 

Antenna- 
El, Con. 

Center El; +2 1/2° Adjust with 
Pot. P23ii6 

Pulse Length 
Sw. 

Long 

2.3 Antenna-Az. Sw. Center-broad Antenna Same as 

Antenna-El. 
Con. 

Full clockwise 
travel c^ 
proctractors 
is: 
Az. +67° 
El. +30° 

2.2 

1 +25° 

l'    Ärn^.1*^1" «P*8*  of eq-P^ent perforce which the teoteici«, 
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• Presentation of Information 

CHECKLISTS 

This less detailed form of instructions is especially useful to 
more experienced technicians. The division of procedural steps 
into elements is eliminated and the goal of each step presented 
as a reminder to tne technician. 

Line technicians are particularly likely to find checklists helpful 
because they often rausL work in places where detailed instructions 
are inconvenient to use. It has been observed in the field that 
line technicians quite coimonly have abstracted checklist material 
from Technical Orders and transcribed it onto pocket-sized note- 
books. It would seem much more desirable for the designer to 
provide standardized checklist instructions for line technicians. 

A format similar to the one in the following sample is strongly 
recommended for checklists. 

1 

Step No. Action Indication 
Technician1s 

Remarks 

2.1 Mount protractors on 
antenna -- 

2.2 Set for narrow scan 
center Az: ±23 1/2C 

El: ±2 1/2° 

1fr Afti^aß, 

2.3 Set for broad scan 
center 

Az: ±670 
El: +300 

-25° 
O.K. 
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* Presentation of Information 

i  ; 

DRAWINGS AND PHOTOGRAPHS 

These two pictorial presentations of information can bs very 
valuable for supplementing written job instructions,, Generally- 
speaking, good quality drawings will probably be at least as 
effective as photographs for this purpose. Photographs frequently 
contain too much detail, thereby obscuring the particular item 
they are illustrating. On the other hand, photographs with 
irrelevant details blanked out and relevant details clearly 
shown may be very effective. 

Drawings illustrating job instructions should include only the 
details needed for the illustration. Extraneous detail in such 
drawings tends to obscure the point. 

The purpose of including drawings in job instructions should be 
either to clarify written instructions or to provide information 
the technician needs for maintenance operations. Drawings inserted 
only for humor or aesthetic reasons probably add little to the 
value of the instructions. 

TABLES AND CHARTS 

Tables are probably the most efficient way to present large 
amounts of data. Whenever similar information is to be presented 
concerning a number of different equipment components, tables may 
be particular! useful. In order for tables to be maximally use- 
ful, however, the maintenance job instructions should specify 
when and how each table should be used. 

The information included in tables should be directly usable by 
the technician, without his having to make any data transformations. 
Engineering test data, for example, is likely to be of little use 
to the technician, while this same basic information translated 
into indications he should observe in tha equipment may be 
indispensable to effective maintenance. 
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• PresentoHon of Information 

RECOMMENDED GENERAL CHARACTERiSTICS FOR 
MAINTENANCE DIAGRAMS 

Diagrams should reflect equipment unitization. For example, the 
"building block" of the line maintenance diagram should be the 
line replaceable unit» The value of unitized equipment will be 
severely reduced if this recommendation is not followed. 

All of a particular circuit or loop should be on one page 
insofar as possible. 

Exception: Where trouble shooting is within a 
particular unit and the circuit runs from that 
unit to another unit and then returns, it may- 
be desirable to present on a single page only 
the portion of the circuit which is within the 
suspected unit. 

Diagrams for line technicians should be about $ 1/2 x 8 1/2 inches, 
since this size will fit easily into the standard work uniform 
pocket. 

Exception; Facilities for using large diagrams 
for line maintenance of certain ground equip- 
ments may be quite good. 

Facilities for using large diagrams (e,g,, 18" x 2hn) are usually 
adequate in shops and depots . Special stands or other provisions 
mignt make use of large size diagrams more convenient. 

Fold-over, map-board, and roll-chart types of stands are all 
convenient for large diagrams in shops and depots. Diagrams on 
fold-over stands should probably be plastic coated to protect the 
diagram and to permit the technician to make notes which can easily 
be wiped off, A plastic plate on the front of a roll chart will 
serve the same purpose.  Diagrams on map-board type stands should 
be printed on a durable clothlike material. 
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Presentation of Informatio 

fro. diagr^^r^ fof:id
ystnf s:to tr?ce signais 

unit or subsystem. subsystem to diagrams for another 

the 
Where signals are shown entering or leaving on D 

A table of contents and indejc of diagrams stand be given. 

should be the semens ™d o! ♦!!        ""P011«^-    Color oodes 
consistent for Si "^LT ^ e<,'llpmnt "* '"^ »• 

DATA FLOW DIAGRAMS1 

°ittSrthd.TLT„:ryegtiVin Z01*,1 ""sld-^- »»« because, 
to h„f the Lt^nSa'l^f^r SÄ^ t',' ^ J^8d 

Ifaüd" stSnonS^lAT'^t^60131^ '0r ™ 1* ~i"t- 
apecified »intena'ce aotSiUes? °n ""^ t0 perf°r"' 

Components should be shown in th«  aam*  ^oi,+- 
the equipment to extent Sat tS is "ractxc^! '      ^ ** ^ 

1. Sample data flow diagrams are sh«m ** ic>,  ^, ^^   are Btiom on  pp. 154, 155, and 156. 
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• Presentation of Information 

Components shotild not be pictured or schematised; only enough 
information should be presented to identify them. Chief emphasis 
should be given to the nature of the signal flow between components, 
particularly at points where "power on" checks can be made. Data 
flow diagrams should be concerned only with the electrical character- 
istics of the signal, not with the electrical characteristics of 
components. 

Flow of fixed voltage supplied to components may be indicated in 
special color or even omitted from the diagram completely« If 
the latter is the case, information concerning these voltage 
supplies should be presented on a separate diagram or in table 
form. 

The appearance of data flow diagrams is similar whether they deal 
with data flow among major compoiients, assemblies, or sub- 
assemblies. A diagram of data flow among parts may look like a 
combination of a schematic and a wiring diagram. 

Data flow diagrams should be based on a particular configuration 
of control settings for the prime equipment and/or test equipment. 
They may also be based on certain manually induced special con- 
ditions such as broken feedback loops or servos set to a par- 
ticular position. The control settings and special conditions 
should be indicated on the diagram. 

The electrical characteristics of the signal to be checked at each 
test point should be shown on the data flow diagram. When it is 
necessary to check complex time and shape cha 'acteristics of the 
signal, the required information may be keyed to tables at the 
edge of the diagram or to separate pages. 

No information should be given about the nature of signal flow 
within units which are replaceable or throwaway at the level of 
maintenance for which the diagram was pre'pared. 
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• Examples of Job Aids 

Examples of Checking and Trouble-Shooting Aids 

The following sample items illustrate some of the ideas presenteu 
on pages 131 to Ikl.      An attempt has been made in preparing these 
samples to make them only complete enough to illustrate their 
characteristics and interrelationships. A complete set for a 
weapon system would, of course, be much more comprehensive. 

SAMPLES PRESENTED 

Block Diagram 

Outline of 
Preflight Check 

provides a standard layout for components 
for use in data flow diagrams. 

outlines the standard check procedure. 

' 1 

Symptom Pattern 
Table 

indicates what action to take for each 
symptom pattern. 

uai^a rxow uiagram 
(line level) 

shows functional interconnections of line 
replaceable units and trouble-shooting 
steps for one symptom pattern. 

Data Flew Diagram 
(shop level) 

shows functional interconnections of shop 
replaceable units and trouble-shooting 
steps for one line replaceable unit. 

Data Flow Diagram 
(shop or 
depot level) 

shows functional interconnections of 
electronic parts for one shop 
replaceable unit. 

WADC TR 56-218 m 
I 



• Examples of Job Aids 

Steps in Using These Materials for Trouble Shooting 

1. Perform all steps in Section 1 of Preflight Check. 

If no malfunctions noted, perform Section 2,  etc. 

If malfunction symptoms are observed, refer to 
Symptom Pattern Table. 

2, Locate on the Symptom Pattern Table the pattern that was 
observed in the Prefiight Check. From the Table determine 
which unit to replace or which line maintenance data flow 
diagram to use in making further checks. 

3. Refer to the appropriate data flow diagram. From this 
diagram determine what special checks to make to isolate the 
malfunction. 

U. Replace the malfunctioning line replaceable unit as identified 
through the special checks. 

At this point the shop or depot, would usually tal:3 over, 
performing the following steps. 

5, Refer to the shop maintenance data flow diagram for the 
replaced unit. 

6. Perform the standard check-out procedure for that unit. 
Follow a trouble-shooting procedure similar to that in 
steps 2 - U above, using the appropriate diagrams for the 
unit in question. 
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• Examples of Job Aids 

CONSIDERATIONS IN DESIGN AND USE OF THESE MATERIALS 

Note that the line level Data Flow Diagram shows only signals. 
It does not show power voltage inputs to the various components. 
When a malfunction has been isolated to a single replaceable or 
repairable component on the basis of signal flow checks, it is 
probably desirable to check all power voltage inputs for that 
component before replacement. The in-tolerance values for 
these power voltages should probably be presented in a separate 
table. 

Preparrtion of tables of symptom patterns for trouble shooting 
t^  electronic parts (resistors, condensers, etc.) may be 
unfeasible. This is because of the large number of components | 
involved in all of the line replaceable units and the fact that < ■{ 
three kinds of measures - AC Voltage, DC Voltage, and resistance - 
can usually be taken conveniently at each test point. 

It seems quite likely that an inflexible check sequence would be 
useful for trouble shooting x.o parts. Such a sequence should 
probably begin with tube checking. The three kinds of measure- 
ments might bs used most effectively at different r%h,isEs of the 
trouble shooting within an assembly. For example, the signal 
voltage might first be checked to narrow the trouble to a stage 
or group of stages. The DC voltages can further narrow the 
trouble to a few components in the stage or group of stages. 
Finally, resistance measures taken in a specified, systematic 
order could narrow the trouble to a particular component of the 
circuit. 

The most important point is that a procedure should be prepared 
for trouble shooting even at this detailed level. This 
trouble-shooting procedure should adhere, insofar as possible, 
to the suggestions presented earlier for a good trouble- 
shooting procedure. 

WADC TR 56-218 15'0 
t 



,. E 

< t 
OS CO o _ 
< 2 
Q c 
^ ^3 
U 
O 2 

a N 

•a 

t| 
«M U 

1 ll< 

I- 
ölt? 

I 11 
a 

to    w 

§ ^ 
11 

ii 

1 
1 o 

I | 
•H       4> 

1 s< 

s I 
i i i 
I i •a u 
. M 

I 3 I 
I 

• Examples of Job Aids 

ill 
t 

% 

3 
•0 

R e 
<M 1 
5 •S 1 r-i 

V, i 
•H 

•H 1 o »H 1 
1 ^ 3 g .. 

i 
■Ö ™H 'S 

«  ä   I 

^ | f      I 
l l 1       f 'S "^ §   8 
8 V 

&  4!    Ill 

i 

o     £ 

1  
rH 
r-i ll O 8 i 

•p ■P 

1 j 
| 

r- J s C\! 1 
  

WADC TR 56-218 151 



• Examples of Job Aids 

PREFUGHT CHECK, OUTLINE OF STEPS: 

B-7 Fire Control System 

Note: This example is presented only to show how a routine check can 
be used in designing aids for systematic trouble shooting. It only 
outlines the steps of the check very briefly. It is not intended 
to illustrate either a detailed job instruction form or a check list. 

1. Radar Set Check 
1.1 Power Supply Check 

1.1.1 +300V DC Regulated Voltage 
1.1.2 +150V DC Regulated Voltage 
1.1.3 -150V DC Regulated Voltage 
1.1.Ii Repeller Voltage 
1.1.5 AC Power Bus 
1.1.6 Relay Supply DC Voltage 

1.2 Transmitter Output Checks 
1.2.1 Frequency Check and Adjustment 
1.2.2 Inspect Frequency Spectrum 
1.2.3 PRF Ghe^k 
l,2,h  Inspect Chape of Modulation Lnvolope 
1,2.5 Power Output Check 

1.3 Receiver Trst 
1.3.1 Sensitivity Check 
1.3.2 Receiver Output Check 
1.3.3 AFC ChecK 

2. Search Mode Operational Check 
2.1 Antenna Search Pattern Check 

2.1.1 Narrow Pattern Check (right and left) 
2-1.2 Wide Pattern Check (center) 
2.1.3 Check Antenna Spin Pattern 

2.2 Display Calibration 
2.3 Artificial Horizon Check 

3. Manual Track Operational Check 
3.1 Antenna Control Check 
3.2 Manual Track Test 
3.3 Lock-on Check 

3.3.1 Sensitivity of Lock On 
3.3.2 Check Display Function 

h.    Auto Track Operational Check 
U.l Attack Phase Operational Check 
U.2 Rocketfire Check 
U.3 Pull Out Warning Check 

5. Miscellaneous Checks 
5.1 Check Antenna Table Dither 
5.2 r,aeck Radar Anti-Jam Control Operation 
5.3 Check Pilot's Scope Controls 
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e Examples of Job Aids 

TABLE OF SYMPTOM PATTERNS OBTAINABLE FROM PREFLIGHT CHECK: 

B-7 Fire Control System 

(Patterns not shown in this table will probably never occur.) 

X = Malfunction symptom observed 
LRU - Line Replaceable Unit 

0 = In-tolerance indie, 'on 
obtained 

Pattern 

1.1 1.2 1.3 
X 0 0 

0 X 0 
0 0 X 
0 X X 

2.1 2.2 2.3 
X 0 0 
0 X 0 
0 0 X 
X X 0 '' 
0 X X 
X 0 X 
X X X 

3.1 3.2 3.3 
X n o 
0 0 X 
X X 0 
0 X X 
X 0 X 
X X X 

lul U.2 U.3 
X 0 0 
0 X 0 
0 0 X 
X 0 X 
0 X X 
X X X 

5.1 3'.2 5.3 
X 0 0 
0 X 0 
0 0 X 
X X X 

Do not run test 1,2 and 1,3 until power supp. , 
is adjusted correctly or replaced 
üae data flow diagram l.a for trouble shootlrg 
U;3e data flow diagram l.b for trouble shooting 
Use data flow diagram l.c for trouble shooting 

Use data flow diagram 2.a 
Use data flow diagram 2.b 
Use data flow diagram 2.c 
Replace master controller 
Use data flow diagram 2.d 
Replace master controller 
Replace master controller 

Use dfffea flow diagram 3»a 

Use data flow diagram 3.b 
Replace master controller 
Use data flow diagram 3.c 
Use data flow diagram 3.d 
Use data flow diagram 3.e 

for trouble shooting 
for trouble shooting 
for trouble shooti!" 
(LRU 7) 
for trouble shooting 
(LRU 7) 
(LRU 7) 

for trouble shootir 
for trouble shooting 
(LRU 7) 
for trouble shooti i 
for trouble shoot 
for trouble shootju.,. 

Use data flow diagram U.a for trouble shoov.ing 
Use data flow axagram U.b for trouble sho. ■ 
Use data flow iiagram h,o  for trouble shootiUg 
Use data flow diagram U.d for trouble shooting 
Replace master conputer "B" (LRU 13) 
Use data flow diagram K.e for trouble Bhoowißg 

Use data flow diagram 5.a for trr 
Use data flow diagram 5.b fc. t.r 
Use data flow  agram !?.c fo- : 
Check for voltage at main power bu 
If this checks OK replace pilot' 
(LRU 3) 

Lllg 

.. •   r>z 
.e :^ 

control box 

WA.DC TR 56-213 15" 



• Examples of Job Aids 

Data Flow Diagram (line levelj B-7 Fire Control System 

Symptom Patte«, 2.a (2.I.X,  2.2:0.  2.3:C. AziButh Traverse OK) 

o- = line replaceable unit test point 

0a Til lot's control W; 

Power sir ... . 
Operations sir . 
Antenna az.  sar . 

§Är!^J_L^ 

CHECK maaiffiKB 

YoltatK and eontinHit^ sj^gjjg 

OS 
AUTO-SEAHCH 
CENTER - mBBOK 
CHffiiS 

1. 
2. 

Use VM 811 
Tolerance 467 

Wmre «hat» rh»,^ 

1. Use KS 339 scope 
2. Sinais thru DC amplifier 
3. Internal sweep 3 CFS 
4. Wav« shape not critical 
5. Alsance of signal or spurious 

oseiJlations Ladieate «alfunction 
6. Asynnotry about zero axis requires 

adjustment. Sea Task Instruction 
form 2.1 

1. 
2. 

3. 
4. 

jaHBCTIQHS TOR SPECIAL CHECKK 

MakB^oheck» am top line first. 
«r« in tolorence.  ■«*■ cnecjcs in btx iuunedia»,« 
«aeck is jjat of tolerance, maJcs checks in box i« 

- _ae working dawn the table until you ( 
«eplace the unit whose number you come to. 

If »i l*!^^01"!611?'! ^ 0hecks, in ^ i^-Aiave / below and to the riAt 
rljK^ff^ii" ^ 0f4.v0l?rSc#'  ""^ cäM,cks *» *»« iimediately belowto tSl 
SSErÄ» ^^•.v*?.1« ^l1 ypu come to a mu-ber.      ^       «* *» *e 1 

•    1 

Out-of-tolerance 
In—tolerance 

B. C. 4 D 

E4 F 
14 

K» 

23» 

H to I 

15 22 

33 

••    Only the follow-up pots In this unit need to be replaced at this point. 
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• Examples of Job Aids 

Data Flow Diagram (shop level) B-7 Fire Control System 
Antenna Servo Amplifier Unit - Line Replaceable Unit 15 

from 
Dnit 23 

<!>T 
o Unit 21 

To Unit  21 

To Unit 22 

o Unit  22 

From FVoin 
Unit  14 Unit  23 

Tables of in-tolerence check reodinKs    setup for the equipment,  and best order 
for ireking checks could be presentea for this diEgrtu» In the  seme manner  a» 
they »-ere  for the diagmic on the previous pege. 
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• Glossary 

Glossary 

adjusting - bringing an oub-of-tolerance condition into tolerance 
by manipulating equipment controls. 

assembly - a combination of parts or subassembly that may be 
taken .-part without destruction, which has no application 
or usa of its own but is essential for the completeness of 
a more complex item with which it is combined.  (From 
ARJC Man. 80-U) 

automatic test equipment - checks two or more signals without th« 
intervention of a technician. The test usually stops when .he 
fjrst out-of-tolerance signal is detected. 

breadboard model - an assembly of preliminary circuits and parts 
to prove the feasibility of a device, circuits, equiDment, 
system or principle in rough or breadboard form, without 
regard to the eventual over-all design or form of parts. 
(From MIL-STD-2U3) 

built-in test equipment - is an integral part of the prime equip- 
ment. It may be a complex automatic checker or a simple 
voltmeter with external leads. 

checking - sampling signals for malfunction symptoms by comparing 
an observed signal with a standard signal. 

collating test equipment - presents the results of two or more 
checks as a single display. For example, a light may come 
on only if a number of different signals are in tolerance. 

component - a combination of parts, assemblies, accessories, and 
attachments, which together form an equipment to accomplish 
a specific complete function.  (From ARDC Man. 80-U) 

depot maintenance - maintenance performed on equipment removed 
from its operational site or base. 
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' Glossary 

designer 

v: 

anne:/;/^0Xt^\a^^Krflcant influence on de5i- 
develrrs s^iSiofrrto meet perf« -^e. 

.ents f0r prodSSfn eLipJnt      ^f^f,tec^^ requVe- 
required final form or'neces^ilv 'It      ' ne

+
ed "^ haVe the 

design.    It may be u°L JnT        *  cfntain parts of final 
of tL equip^t!6 ^F^MSSX!^? ^ -^^ility 

experimental model - a modpl nr -t-h*. -i . 

the tsotaioa! to^] % S Ste^^S* 'L^T^ 
not have the reaulrpH f-i^i r iaea. inis model need 

or fin,! d^rcf mir2£re88ariiy oontain parts 

field maintenance - aee shop maintenance. 

feelin, Ten abnor^f^f^e^ ^^.^T*^- ** 

maintainability - a function of the ramHit,- = ^ 
maintenance operations ~n K  raPldlt-> and ease with which 
or correet^rifX^/^0^ t0 avert -^-ctions 
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Glossary 

organizational maintenance - see line maintenance. | 

^^iro^^ro? ^:rce perfomed OT e^^ - ^ i 
last inspection.     0Peratlon or calendar ti.e elapsed since 

preproduction model - see prototype model. 

^^^^—^^ 

^1 £^  oSe-nSnSn^ ^ ^f- 
produ^?iiLi prr^n ^s^re^c^rr^ 

Jigs,  fixtures and methods.     (From mi^^) * 

prototype  (preproduction) model  - a mod^l   «^^.wi     ^ 
evaluation of mechanical and electrical for"6 f1". C0MP]ete 

performance.     It shall HP ^ ^!!i u        "^  design and 
form,  emplo; approved parts and h    me0n,anical and electrical 

of final'e^nr  (FP^ miS.^1    ^ repreSentati- 

manner and for the'pu^L LLled^ ^ USed " the 

^^cl^c-tio^!01^ a raalfUI1Cti0n ^ -^ ^n parts or 

^ÄlA^ÄSfJf*for another'identical -it. 
mal^cUoSng^t!'1'^6 " Pr0Perly ^^räng .nit for a 

service test  ncdel - a model to be used for test  ander se^ic. 
conditions for evaluation of suibabiliw *L ~ serviee 
It shnii   ^I^O^T • t"-it,aDi.Lity and performance. 
it shall closely approximate tne final design, nave tnl 
required for«, and employ approved parts or their Lt^r 
changeable equivalents,     ("rom MTL-ITDJ^^ nter" 
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Glossary 

from io.toll.tion.     '   '«"P«»»' "Moh is rslK1VBd 

suboyoto,, - , breakdom, of the first „rH   r 

.^U« and -baaae^^'fC^^r^f" "' 
system - soe weapon systeJn_ 

— snootin. - dot,^ ^ ^ or _ , ^^^ 

unit - any combination of nart«, ^  v, 

system without destrucSon   ^ liT be j:eraoved f™» * sub- 
assembly,  or subassembly Wlt ^ be a ^«Ponent, 

wea7sÄ -rr^t^i^r^r-- -c—e 
necessarily, having an aS vehLl.        ?.USUally ^ n°t 
element.    The complete weLln sSt        lt8 ^^ 0Perational 
equipment, materials,  ser^Z^JT XI1ClUdeS a11 ^latef 
for the operation of'the^ir vehSle^"0^1 reqUired ^Y 
of the system, so that the Instant Z       ^ mior elem^t 
sufficient unit of striking nstru,nent of combat becomes a «elf 
environment.    (F-rLS^^f its ^«^d opemw'" 
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Accesses ........ o ....    65-73 
auxiliary equipment to, attachment of ........ .    73 
importance of , , .    65 
labeling and/or coding of      68 
location of     69 
opening and closing of     73 
physical access, type for     66 
procedure for design of     6$ 
safety      67 
service equipment, type for     67 
shape of     67 
size 

for one-hand tasks     69, 70 
for two-hand tasks     71, 72 

test lead, type for     67 
tool, type for ,,     67 
visual inspection, type for    66 
when needed ..............      65 

Adapters and test equipment  .    117, 118 
Adjusting, test points for     82 
Adjustment points, requirements for      29, 30 
Analysis of symptom patterns     13^, 135 
Assemblies, structure of     I;9, £0 
Assembly of equipment units     ^6 
Automatic test equipment 

advantages and disadvantages ....      113 
definition of ,     no 

Auxiliary equipment, attachment of to accesses      73 
Availability of job ireitructions , „ . . ,    lül 

Bench mock-ups ...,,  120-12U 
cabling of  121, 122 
connectors   ..... 121, 122 
covers and cases for  123 
general considerations in the design of  120, 121 
layout of  12|| 
use of  120 

Block diagram, example of  151 
Bolts, mounting for equipment units  hh, US 
Brightness of displays   96 
Built-in test equipment 

advantages and disadvantages , . . . Ill, 112 
definition of  . , no 
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Cables 
and bench mc~k-ups     121, 122 
connec/irn and disconnection    60-63 
construction     57 
installation, provisions for replacing in   , .   109 
length     57 
power, routing, in installation     109 
routing of   .....    58 

Calibration cf displays    92-9U 
Capacity, weight lifting      12 
Cases 

for bench mock-ups      123 
for equipTient units     53-56 

structure of     53, 5k 
fasteners for     5U, 55 

Catches for covers     5U 
Charts  . >     Ihh 

appropriate use  138 
Check, preflight,  outline of    152 
Checker (see also test equipment)         110-119 
Checking 

examples of aids to    Iii8-l56 
procedures (see also trouble-shooting procedures)  . .     133 
test points for     82 
and trouble-shooting aids, examples of     1U8-156 

Checklists    lU3 
appropriate use      138 

Check points (see also test points)    7U-82 
Checks 

routine         13i4 
special    ....   135-137 

Closing of accesses     73 
C oding 

accesses, of     68 
color        51, 52 
connectors, of     59 
controls     88 
displays, of     95 
equipment units, of     Ii3 
test points, of     80 

Collating test equipment 
advantages and disadvantages       llH 
definition of ,     110 

Color coding ••.    5l, 52 
Components, location of within equipment units  ...    1(7, U8 

1 
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Con^rorrases,  between maintainability 
and performance requirements  ... . 

conditions for maintenance                       '   '   '  ** 
all levels         1^ 
line Corganizational)' .'.*.***    17 

operator   B   ■ • -     -^ i^ 

Conditions, maintenance,* implications'of     1U 

lor designer   
Conductors • .     ^g 

construction of .... 
length of  57 
routing of .'.'.'.'.  57 

Conferences, coordination . .    ' '   ' 58 

Connections •  20 

^o test  points .... 
for wires ....     "     80 

Connectors       ' '     63, 61^ 
and bench mock-ups . 
cables for [       [     121, 122 
identification of '.'.'.'.,            6O-63 
test points on     ■ .     ^ 

Control -     ^0 

force •#..... 
shape  .  *  89 
size t '  '  8h 
type ,******  &5 

Control-display •  g^ 
labels   
movement  #   »       ^g 

ratio ..♦,,,,'**'*     99 
relationships .!.*,*.'**     97, 98 
importance of to maintenance * ' '    97~99 

Controls      97 
direction of movement . 
importance of .,♦,..*  8ii, 85 
labeling and coding .,.,'**' "   ^ 
location for maintenance ..*.*.*.'  88 

scale markings .......*   85-87 
for test equipment .....      '  87 
when needed for maintenance "  • • • . .    11$,  116 

Controls and displays, relative locations'of .*  H 
coordination                            97 

conferences    
importance of '.'.'. » • • . . 20 
maintainability, of design for !!'***'** * ' * *    l8 

*      18-22 
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Index 

Coordination (continued) 
responsibilities in . . , . 
role of periodic reports in 
techniques . .   
when required   

Covers 
for bench mock-ups .... 
for equipment units .... 
fasteners for    
handles for      
structure of   

19 
20, 21 
20, 21 
21, 22 

123 
53 -56 

&, 55 
55, 56 
53, 51 

Data flow diagrams    
depot level, example for .....   . 
line level, example for   
shop level, example for   

Depot replaceable units, design of   
Depot, test points for   
Design engineers, responsibilities of in 

designing for maintainability   
Design for maintainability 

coordination of  
general principles in   
review and modification of   

Designers 
definition of   
implications of maintenance, conditions frr . . 
interviews with in planning for maintainability 

Design schedule for maintainability   
overview of  
summary of steps in , 

Diagrams 
appropriate use  
block, example of   
data flow  , ,   

depot level, example for   
line level, example for 
shop level, example for   

general characteristics for   
maintenance, in planning for maintainability 

Display 
location  . . , 
movement  ..,   ........ 
scale markings «••.., 
types of , . . ,  

1U6, lU? 
156 
Ibh 
155 

31, 32 
. .   81 

19 

18-2^ 
2k,  25 
35, 36 

2 
18 
29 

23-38 
2h 
26 

1U6, 

138 
151 
11*7 
156 
l& 
155 

ili5, 1U6 

91, 92 
91 

92-91 
90, 91 

' ) 
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* 

I               Display and controls, relative locations of   97 
Display-control relations (see also control-display 

relationships)  ,,.,  97-99 
Displays ,  90-96 
brightness of  96 
fineness of scale .    93^ 9^ 
labeling  9^ 
maintenance, importance of design for  90 
test equipment for    Hfj 116 

I                 tolerances for ,.,., 93 
I                                        Dravri-ngs ,  * 1 l|J| 

appropriate use  I38 
Drift, elimlr.j.tion of and compensation for  30 

- 

Echelons of maintenance (see levels of maintenance) 
j; Economic considerations, in design of units . , ,   31 

End connectors (see also connectors)     59-63 
Engineering changes, effect on maintainability   '  38 
Engineering practice, in design of units     31 

! Equipment 
I auxiliary, attachment to accesses  . , •    73 

installation of (see installation) 
overview of characteristics for maintainability .....   k0 
prime (see prime equipment) 
installation of (see also installation)  ....    100-109 

test (see also test equipment) ,    110-119 
Equipment designers, definition of      2 
Equipment units     Ul-52 

covers and cases for     53-56 
functional interralationships of    1^2 
installation, access to in ......      102-10U 
interchangeability of    h2, h'i 
labeling and/or coding of  .    ijj 
location of components within  ,    1^7, 148 
mounting and acsembling, provisions lor  .   1^6 
mounting bolts and fasteners for    liUt  ^5 
replacing in installation, provisions for  ....    107-109 
structure of  . ,    ^o)  %Q 

Facilities 
for overhaul in planning for maintainability      9 
work and storage in planning for maintainability  ....    9 

Factors in planning for maintainability, 
overview of  . .     6 
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Failure Reports, use of in planning for maintainability . . 29 
Fasteners 

t               for covers  ,    51;, 55 
mounting, for equipment units ,,    kh) Uf> 

Feedback, positive   30 
i Field maintenance (see shop maintenance) 

Flexible check sequence        135-137 
Force for controls . ,  89 
Full-scale tests of maintainability   37 

i Go, no-go test equipment 
advantages and disadvantages , . . .   112, 113 

i   ;' definition of  ,•     110 
Grips for covers ,    55, 56 

( Grouping of test points   ........     77-79 

1 
I Handling of test equipment    116, 117 

Height considerations for installation      106 

Idontificatiun of connoctors ....^   .....   59 
Illumination of displays    96 

i. Tn-flight maintenance    lU 
: Information 

job (see also job instructions)     138-1U7 
job, presentation of     138-1L7 
test points, available at      Jh,  75 

Installation 
access to units in   ,....,..    102-10U 
general requirements for      100 
height considerations      106 
importance of to maintainability ...........    100 
planning for maintainability     9 
planning, st-ens in     101 
prime euaipmt.nt, of     100-109 
replacing unl'.s, provision for     107-109 
space rr-q^ire/ients    10$, 106 
weight consider'iv'.ons    105, 106 

Instructions 
job. presentation of .,....,.,.    I38-IU7 
(see also job instructions)     l^Q-lhl 

Interconnecting wires and cables ............    57-6U 
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Job aids,  examples of         lJ|8-l56 ' 
Job Infomatdon 

presentation of (see job instructions)  ...,..,        138-lli7 
Job instructions 

availability  of »   •   »   •   . II4I 
checklists    1^3 
content   I39, i^o 
good presentation, importance of    138 
kinds of ,    138 
physical characteristics   , IkO,  lUl 
presentation of   I38-IU7 
revision of ,   ll;l 

Labeling of 
accesses  .....   68 
connectors  59 
controls ,  88            i 
displays „  9$ 
equipment units   ........ hi 
test points  80 

Layout of bench mock-up ..,..,.»   12k 
Levels of maintenance 

design of equipment units, effect on     l^l, 1x2 
determnation of , , 30 

Lighting of displays  96 
Line replaceable units, design of ...........    31, 32 
Location 

functional, of test points  7$ 
physical, of test points  76 

Location of 
accesses ,  69 
components within units     1+7, h8 
displays , ,    91, 92 

Maintainability 
correction of deficiencies in , . 38 
definition of ,  3 
design schedule for      23-38 

overview of ,  2k 
summary of steps in .,   .......... 26 

evaluation of  . . 38 
preparation of objectives for , .    27, 28 
principles in designing for     2k, 25 
versus performance requirements ...   . k 
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17 
18 

Maintainability design, review and modification of  . ,  35 36 
Maintainability supports ' 

requirements for  . . ,  3L 3^ 
sumroary of   ,   .   . ' ■ • •    .< 

Maintenance 
aids (see maintability supports) 
conditions    , 

for all levels    
implications for designer  .... 
f°r iine H -  i .*;;;;; r 15,16 
tor operator    -, i 

controls, when needed , . .    '    83 
design specialist, responsibilities of in 
designing for maintainability      30 

diagrams 
general characteristics for    jj,* iU£ 
showing data flow    ....'!!!,.  Ihs'  ij,7 

information         t   ^ 138-lli7 
instructions 

presentation of  138-lii7 
(see job instructions) 

levels 
determination of  .   ., ,   .   , ■xn 
effect on design of units    .  .   .  .      \ß    h? 

personnel . . . . -  .,.., 

interviews with in planning for maintainability ...    29 
physical dimensions of #       10 11 
skills    ........    , 

personnel requirements in planning for maintainability .* .   8 
procedures 

and diagrams, in planning for maintainability     8 
effect on equipment units   hi    h2 
and location of test points  '75 
preparation of  , .*.'!'' 33 U 
(see alst; procedures)          131-137 

skills of technicians    ^ 
supports (see maintainability supports) 

Malfunction symptoms, analysis of ,   ]U j*^ 
Markings ' 

for controls    Q7 
for displays   ..'.'.'.        92-9U 

Mechanics (see technicians) 
Meters (see also displays and/or test equipment) ....   90-96 
Mock-ups (see also bench mock-ups)     120-121 
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Modtfi10^1011 ^^  in Planni^ for maintainability Modifications,  effects on maintainabiH t.v * maintainability .  . 9 

Mounting bolts and fastene^rfTequipment ^ts   '   '   '   *   ') )     ft 
Mounting of equipment  units •   -  >        kh, hS 
Movement of displays        ....'',        ^6 j 
Multi-purpose tools *           ^ 
     127 

3 

Objectives for maintainability 
preparation of . . 

Ohmmeter (see test equipment)    27* 28 
Opening 

of accesses  . . , , , ; 

physical access, type for III.'      73 
(see access) »••••,..         ^ 

Operational Suitability Test 
Operator,  conditions for maintenlnce*   '.   I         n

3
l
7 

Order of special checks          ^ 
Organisational maint^^nce  (see line'mLlkt'enanle)  '   ' ^'^ '   S 
Oscilloscope  (see test equipment) 

0°™ 0
f
f
aCiliti^  - Panning for maintainability    ... f 

design schedule 

6  133 

Pattern of symptoms 
analysis of    
example of ..,,,..        1^'  ^S 

Performance requirements,' versus'maintainabiiity* * *       ^ 
requirements ....... 

Periodic reports, roie'of in'coordination III ?n ^ 
Personnel, maintenance, requirements for in ' ' 
planning for maintainability 

Photograpns    .  8 
appropriate use ....„_"         1^^ 

Physical access, type of'openirig'for* '.'.''''' 1^ 
Physical characteristics of job instructions* III' ' ' HQ .M 

Planning for maintainability, overview of fac^r In* ' ^A 
Plugs (see "Iso connectors) . . " "i . . .    6 
Positive feedback  ....    " • . .    59-63 

Power cables, routing in'iAstanatlon 11  l\   \   ',   „* \   \\   '       ^9 
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Preflight check, outline of    , 
Preliminary test of maintainability ....   
Presentation of Job instructions and information '.   I     . 
Previous systems, review of in planning 
for maintainability     

Prime equipment 
installation of (see also installation)    
planning for maintainability   

Principles, general in designing for maintainability  , 
Procedures 

considerations in preparing   ...  • 
effect on design of equipment units   
general considerations in preparing   
importance of  
and location of test points ..   
maintenance   . 

in planning for maintainability , — 

preparation of  ,« 
trouble-shooting, preparation of   . <— 

types needed     ^ — 

Provisions for supply, in planning for maintainability 

Ratchet tools  ....   
Receptacles (see also connectors)    ^ 
Reliability, definition of .... J* 
Replaceable units, design of   
Replacement of units, provision for in installation 
Reports, periodic, role of in coordination   , 
Requirements for 
maintainability, preparation of   
maintenance personnel, in planning for maintalnabilrL t 

Review of previous systems, in planning for 
maintainability  

Revision of job instructions    
Routine checks    
Routing of cables   

Safety, and accesses 
Scale markings 

for controls   . . 
displays       .... 

152 
36,   37 

i38-lii7 

28,   29 

100-109 
8 

2h,   25 

131-137 
hi,  k2 

132 
131 

75 

33,  3k 
133-137 

131 

128 
59-63 

3 
31,   32 

107-109 
20;   21 

27,   28 

28,   29 
1U1 
1314 

58 

67 

87 
92-9U 

WADC TR 56-218 171 

t ■ 



-' Index 

/ 

Schedule 
design for maintainability          23-38 

overview of  2h 
summary of steps ,  26 

Scopes  (see  test equipment) 
Self-compensating features  .,..,,..          29    30 
Sequence of special checks  .,,           155-137 
Shape of access  67 
Shop 

replaceahLe units, design of . , . , , ,  31 32 
test points for , # #    81 

Signal 
flow diagrams k  1^6, 1^7 
lights (see also displays) ..............   9O-96 

Size 
of accesses for one-hand tasks   69, 70 
of accesses for two-hand tasks   71, 72 
of maintenance personnel  ,   ,   ,   10 11 
requirements for installation , . ,   10$, 106 

Skills of technicians      13 
Space requireTnents for installation   10$, 106 
Special checks     335-137 
Specifications for maintainability    27 28 
Speed tools t   . ,  , ,   128 
Standard checks , ,,,   13ii 
Step-by-step 

instructions, appropriate use     138 
job instructions ,   1^2 

Storage 
facilities, in planning for maintainability     9 
of test equipment ,.,,  116 117 

Structure of equipment units   1^9 CQ 
Summary 

(see overview) 
of steps in designing for maintainability ...,,.. 26 

Supply, provisions for, in planning for maintainability . . 9 
Symptom pattern 

analysis     3.3^ ] 35 
example of   ......   153 

Systematic trouble shooting 
overview      ^33 
procedures, need for #   ]_33 

System designers, definition of , ,   2 
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Tables     Ihh 
appropriate use  ...»     I3'8 

Tear-down Deficiency Reports 
use of in planning for maintainability    29 

Technicians 
physical dimensions of    10, 11 
skills of      13 

Techniques for coordination  .   20,  21 
Test equipment     110-119 

adapters for    117» 118 
automatic, advantages and disadvantages       113 
built-in 

advantages and disadvantages      Ill, 112 
definition of       HO 

collating 
advantages ani disadvantages       llU 
definition of       110 

controls for    Il5> 116 
difficulty of using    llU, 115 

Test equipment 
displays for    ll$$  116 
general characteristics for      113, 11$ 
go, no-go 

advantages and disadvantages     112, 113 
definition of       HO 

handling of    116. 117 
in planning for maintainability      8 
simplification of      Ili4, 115 
storage of    116, 117 
test leads for    117, 118 

Tester (see also test equipment)     110-119 
Test leads, and test equipment    117, 118 
Test points      7U, 82 

for checking and adjusting    82 
connection to •,.......   80 
on connsctors    60 
functional location  .   75 
grouping of     77-79 
inportancp of    7U 
information available at    7U, 75 
labeling of      80 
pbyai oal location    76 
and procedures    75 
for tbop and depot • ■   8l 
use of       Ik 
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Tc>ts  of maintainability 
full  SOtli       
preliminary      .... '  '  «    •■ 

Tolierancos  for displayp      .'.'*'.' »   ♦  ♦   •  « W,  }1 
To. is   ,....;.  '.'''''' ' v.,   H 

ft Mpatih   '-■ fey with ''"' 

•••••»       ..... 1P6 
j.,..       .     ,,       ' •  126 
cu: cemtnaLxun 01  requirement«  fer      . T>r 
rrrultj-purpuae  _   lO 

in planning for maintainability  "[.'.*  .' ! ?o 
ratchet    
speed       ,   .   .   . •   •   .   -   .       .... 28 

1 rouble-shooting . '"  ■28 

checks   
examples of aids to  i) a til 
procedures, systematic, need for" .',*.' ]         \l\ 
systematic, overview of   ..'„"*       tH 

Unitlzation    
purpose of  ,'       ' ?^ 

Units (see also equipment units)* .'!.*'.* ■,-,     „ 
division of equipment into  ....    ••••••.   JJ-, J^ 

Unsatisfactory reports, use of in planning'for      ' 
maintainability . . J    29 

Visual inspection, type of access for . . . AA 

»-oltmeter (see test equipment.) ' '  ' ' * 

Wattmeter (see test equipment) 
Weight considerations for installation      ■O'; in* 
Weight lifting capacity    . . ' 
Wires     ■ . . . .   12 
connections for , , . ,      •••••••.».,     / 
construction .   .   .   '        • •   . .  .   63, 61^ 
length     .....'.'..[   I   \   ['   ]  ?7 

Work facilities,   in planning'for'mlintlinaoility'   '   ! o 
Working conditions for *   '   * ' 

all levels of maintenance    
line   (organizational)  maintenance       ......'. *IK     il 
maintenance        i '    , 
operator maintenance   .... 
p«riodio maintenance    .   . 

Jioi    U'ieidj  maintenance     ,...'.'.'.'.   .1   I 
Woncim   -"lull Mona,   implications  fcr tin     I       :-n«r       .[...' 
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